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TRANSLATOB'S PREFACE. 



I CAN not moie appropriately introduce the Cosmoft^ than 
by presenting a brief sketch of the life of its illustrious au- 
ihor.* While th^ name of Alexander von Humboldt is fa- 
miliar to every one, few» perhaps, are awaie of the peculiar 
circumstances of his scientific career and of the extent of his 
labors in almost every department of physical knowledge. He 
was bom on the 14th of September, 1769, and is, therefore^ 
now in his 80th year. After going through the ordinary 
course of education at Gottingen, and having made a rapid 
tour through Holland, England, and France, he became a pu* 
pil of Werner at the mining school of Freyburg, and in his 
21st year published an ''Essay on the Basalts of the Rhine.*' 
Though he soon became officially connected with the mining 
corps, he was enabled to continue his excursions in foreign 
countries, &r, during the six or seven years succeeding the 
publication of his' first essay, he seems to have visited Austria, 
Switzerland, Italy, and France. His attention to mining did 
not, however, prevent him from devoting his attention to oth- 
er scientific pursuits, among which botany and the then re- 
cent discovery of galvanism may be especially noticed. Bot- 
any, indeed, we know from his own authority, occupied him 
almost exclusively for some years ; but even at this time he 
was practicing the use of those astronomical and physical in- 
struments which he afterward turned to so singularly excel- 
lent an account. , ^ 

The political disturbances of the civilized world at the cbse ' 

* For the foUowing remarks I am mainly indebted to the ariScles oif 
Ihe Cosmos in the two leading Qoarterly Beviawa. 
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iv TRANSLATOR S PREFACE. 

of the last century prevented our author firom carr3^g out . 
various plans of foreign travel which he had contemplated, 
and detained him an unwilling^prisoner in Europe. In the 
year 1799 he went to Spain, with the hope of entering A&ica 
from Cadiz, but the unexpeoted pa^oni^ which )te received 
at the court of Madrid led to a great alteration in his plans, 
and decided him to pr oce e d directly to the Spanish* posses- 
sions in America, '' and there gratify the longings for foreign 
adventure, and liie scenery of the tropics, which had haunted 
him from boyhood, but had all along been turned, in the dia- 
metrically opposite directipn of Asia.^ After encountering 
various risks of capture, he succeeded in reaching America, 
and firom 1799 to 1804 prosecuted there extensive researches 
in the physical geography of the New World, which hav^ in- 
. delibly stamped his name in the undying records of science. 
Excepting an excursion ta Naples with Gay-Lussac and 
Von- Buch in 1805 (the year after his return from America), 
the succeeding twenty years of his life were spent in Paris, and 
were almost exclusively employed in editing the results of his 
American journey. In order to bring these results before the 
World in a manner worthy of their importance, he commenced 
a series of gigantic publications in almost every branch of 
science on which he had instituted observations. In 1817, 
after twelve years of incessant toil, four fifths were completed, 
and an ordinary copy of the part then in print cost considera- 
.Uy more than one hundred pounds sterling. Since that time 
the pubhcation has gone on more slowly, and even now, after 
the lapse of nearly half a century, it remains, and probably 
ever will remain, incomplete. 

In the year 1828, when the greatest portion of his literary 
labor had been accomplished, he undertook a scientific journey 
to Siberia, under the special protection of the Kussian govern- 
ment. In this journey — a journey for which he had prepared 
himself by a course of study unparalleled in the history of 
travel^^he was aoeompaiued by two oompaiiions hardly less 
distinguished than iumself, Ehiaaberg Bsid Gustav Bose, and 
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die lonilti obtaawd dadni^ tlieir expcditmH ara noorded liy 
rar aatkor in fan JVo^fmevi^ jliiajiTiMS, and ia Jub jim 
C0»^ni2s, 8iidliyB4M»iahuii€wn0Mft ^2d»OMfi^ Iftlw 
ibie Centmts had been his only waiic, ocastitatiag, a« ii 
does, JUDL epitome of all tiM kno^rifidgB aaqnm 
\fj ioaofK txrrelHi on tba pliyneal geognphy of Nortinani 
and Central Asiay that WDik akne wovkl luore anficed t^ 
fivm & xepatastioiL of tibe Inglieat 0000. 

I proceed to efier a &w lau i arfc a on tba mark of nUdu I 
now present a new translation to the TCngltA poUid, & w«nk 
ittteiided by its antiuw ^ to eBobEace a aunmary of {diynoal ^ 
knowledge, aa oonnestad with a delinaatien of the material 
nniverse." 

The idea of soldi ^ phyiical doKf^tion of tisB nnifBrse had* 
it appeaca, been psBaent to hia miad firom a Tory early cqpodi. 
It was a ynak which hie &lt he must aaoompliah, and ha de» 
YoteJ almost a.lifetime to the aeomnidadon of materials te 
it. for almost half a osHtncy it had ooBopiad his tiioog^ ; 
and at leiigtib, in die evsHoig- of life, he felt himadf rich 
easugh in the aooumnlation of tiiooght, tiaveL leading, and 
asperimentai reaearoh, to xednoe into form and realily the 
undefined visioa that haa so long flaated beftie him. The 
wofk, when completed, will £irm i^taSb rohimes. The farU 
Tolome eompdMS a dcetch of all that is all pteaent known of 
the physical phenomena of the nnivarao ; the ^eomd oompm^ 
bends two distinct parts^ the fisst of whidi treats of the ifr* 
eitements to the stndy of natoie, aflerded in deaoi^ve pee^ 
ry, landscape paintnig, and the oultivaticm of oBstie j^ants; 
while the second and laxgar part enters into &e ccsnideraiian 
of. the different epochs in the progress of discovery and. of llie 
ooxreaponding stages df advance in human civilization. The 
M/rd volume* the pnblioatinn of which, as M. Humboldt him- 
self informs me in a letter addressed to my leanuid&ialid and 
publisher, Mr. H. G. Bohn, " has been somewhat delayed, 
owing to the present state of public afiairs, will comprise the • 
special and scientific development of the threat Picture of Na* 
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VI TEAN8LATO&S PJIEFACE. 

ture." Each of the thxeo parts of the Cosmos is thetefoxe, to 
a certain extent, distinct in its object, and may be considered 
complete in itself We can not better tenninate this brief 
notice than in the words of one of tiie jooost eminent philos 
ophers of our own country, that, *' shouM the conclusion cor- 
respond (as we doubt not) with these beginnings, a work wiiU 
have been accomplished every way worthy of the author's 
fame, and a crowning laurel added to that wreath with which 
Europe will always delight to surrouiid this name of Alexan 
dsr von Huinboldt" 

In venturing to appear before the Engliiih public as the in- 
terpreter of " the gr&xt work <^ ofwr xtge^^* I have been ei»- 
couraged by the assistance of many'kind literary aiid sct^itifio 
friends, and I gladly avail myself of this opportunity of ex- 
pressing my deep obligations to Mr.- Brooke, Dr. Day, Pro 
feasor Edward Forbes, Mr. Hind, Mr. Glaisher, Dr. Percy, and 
Mr. Ronalds, Ibr the valuable aid they have afiwded me. 

It wnyuld be scarcely right to conclude these remarks with- 
out a reference to the translations that have preceded mine. 
The translation executed by Mrs. Sabine is singularly accu* 
rate and elegant. The other translation is remarkable for . 
the opposite quaiities, and may tiierefore be passed over in si- 
lence. The present volumes difier from those of Mrs. Sabine 
in having all the foreign measures converted into correspond- 
ing English terms, in being published at considerably less 
than one third df the price, and in being a translation of the 
entire work, for I have not ccmceived myself justified in omit- 
ting passages, sometimes amounting to pages, simply because 
they might be deemed slightly obnoxbus to our national prej- 
udices. 

* The expresdon applied to the Oofltnoi by the learned Bmiflen, in 
his late Beport on Edmology, in Otf BMpoH cf Hu BriiUh AMtociaH^ 
fw 1817, p. 265. 
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AUTHOR'S PBEPACE. 



In the late eTening of an active life I offer to the Gremum 
puUic a work, whose undefined image has floated befeie my 
mind for almost half a century. I have fireqaently looked 
upon its completion as impracticable, but as often as I liaTe 
been disposed to relinquish the undertaking, I have again— 
although perhaps imprudently — ^resumed the tadc. This woik 
I now present to my cotemporaries with a diffidence inspired 
by a just mistrust of my own powers, while I would willingly 
forget that writings long elpected are usually receiTed with 
less indulgence. 

Although the outward relations of life, and an irresistible 
impulse toward knowledge of various kinds, have led me to 
occupy myself for many years— 4nd apparently ezdusiTely— 
with separate branches of science, as, for instance, with de- 
Bcriptire botany, geognosy, chemistry, astronomical detennin- 
ations of position, and terrestrial magnetism, in order that I 
might the better prepare myself fer the extensiye travels in 
which I waff desirous of engaging, the actual otject of my 
studies has nevertheless been of a higher character. The 
principal impulse by which I was directed was the earnest 
endeavor to comprehend the phenomena of physical objects in 
their general connection, and to represent nature as one great 
whole, moved and animated by internal forced. My inter 
course with highly-gifted men early led me to discover that, 
without an earnest striving to attain to a knowledge of special 
branches of study, all attempts to give a grand and general 
view of the universe wotdd be nothing more than a vain illu- 
sion. These special departments in the great domain of nat- 
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VIU AUTHORS PREFACE. 

oral science are, moreover, capable of being reciprocally fruc- 
tified by means of the appropriative forces by which they are 
endowed. Descriptive botany, no longer confined to the nar- 
row circle of the determination, of genera and species, leads 
the observer who traverses distant lands and lofty mountains 
to the study of the geographical distribution of plants over the 
earth's surface, according to distance from the equator and ver- 
tical eleyatioA above the 9ea. It is further necessary to in- 
vestigate the laws which regulate the differences of tempera- 
ture and climate, and the meteorological processes of the at- 
mos|>hefe, before we can hope to explain the involved causes 
of vegetable distribution ; and it is thus that the observer who 
earnestly pursues the path of kni^wledge is led from one class 
of phenomena to another, by means of the mutual dependence 
.and connection existing between them* 

I have enjoyed an advantage which iew scientific travelers 
have shared to an equal extent, viz., that of having seen not 
only littoral districts^ such as are alcme visited by the nujority 
of those who take part in voyages of circumnavigation, but 
also those |K)rtions of the interior of two vast continents which 
present the tnost striking; contrasts manifested in the Alpine 
tropical landscapes of South America, and the dreary wastes 
of the steppes in Northern Asia. Travel, undertaken in dis- 
tricts sucb as these,, could not fail to enpourage the natural 
tendency of my mind toward a generalization of views, and to 
encourage me to attempt, in a special work, to treat of the 
knowledge which we at present possess, regarding the sidereal 
and terrestrial phenomena of the Cosmos in their empirical 
relations. The hitherto undefined idea of a physical geog- 
raphy has thus, by an ext^ided and perhaps too boldly imag- 
ined a plan, been comprehended under the idea of a physical 
description of the universe, embracing all 9reated things in the 
regions of space and in the earth. 

The very abundance of the materials which are presented 
to the mind for arrangement and definition, necessarQy impart 
no inconsiderable difficulties in the choice of the form under 
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irliich such a tvodc mnBt be piesented, if it would n»pxh to 
the honor of being legmrded as a literaiy ocnnpofitbii. De* 
seriptioitt of natuie ought not to be defioient in a tone of life- 
iihe trathfiihi0«i,^trhile the mexe enuzaeration of a seiies of 
geaeiai resolts is productive of a no kai weuyiag ixafxemon 
than the ehtborate acounuilation of the kldividaal data of ob- 
servation. I scaieely Venture to hope that I have sueceeded 
ia satisifyix^ these various xequirements of oompositkm, qx that 
I have myself avoided the shoals and breakers which I have 
knowxL how to indicate to others* My fiiiat hope of success 
rests upon the special indulgence which the Grerman public 
have bestowed upon a small wodt. beajring the title of Amu^ 
ten der Notur^ which I published soou after my return from 
Mexieo. This work treats, under general pointu of view, of 
separate bninches of physicsl geogntphy (such as the fonns of 
vegetation, grassy: plaiiis, and deserts). The e^t produced 
by this small volilme has doubtlessly been more pow^^fblly 
manifested in the influence it has ocercised on the sensitive 
minds of the young, whose imaginative laeukies are so ctros^- 
ly manifested, than by means of any tbing whish it coiild i^ 
self impart. In the work on the Cosmos on which I am now 
engaged, I' have endeavored to show, as in that entitled Af^ 
skhten der Natur, that a certain degree of scieutilic com- 
pleteness in the treatment of individual facts is not wholly 
inoonfpatible with a pii^titresque animation of style. 

Since public lectures seemed tor me to presmt an ^u^ and 
efficient means df testing the more or less suecesalul manner 
of cOnniBCting together the detached branehesof any one scif* 
enoe, I undertook, for many months eonseoutively, first in the 
Frendi language, at Paris,; and afterward in my own native 
. German, at Bediii (almost simultaneously at two difierent 
places of assembly), to deliver a course of lectures on the phys- 
ical description of the imiverse, according to my conception 
of the science. My lectures were given extemporaneouslyy 
both in French and Grerman, and without the aid of written 
notes, nor have I, in any way, made use, in the presMit work. 
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of those portioxis of my discomses which have been preserve^} 
by the industry of certain attentive auditom. With the ex« 
ception of the first ferty pages,- the whole of ^e present work 
was written, for the first time, in the years 1843 and 1844. 

A chuacter <^ tmity, freshness, and animation mttst, I 
think, be derived from an association with some defknte 
epoch, where the object of the writer is to ddineate the pres* 
ent condition of knowledge and c^tnions. Since the addi* 
tions constantly made to the latter give rise to fundamental 
changes in pre-es!isting riews, my lectmies and the Cosmos 
have nothing'iil commcm beyond the succession in whidi the 
various facts are treated. The first portiim of my work con 
tains introductory considerations regarding the diversity in 
the degrees of enjoyment to be deriyed from nature, and the 
knowledge of the laws by which the universe is governed ; it 
also considers the limitaticoi and scientific mode of treating a 
physical description of the universe, and gives a general pic- 
ture of nature which contains a view of all the phenomena 
comprised in the Cosmos. 

This general picture of nature, which embraces within its 
wide scope the remotest nebulous spots, and the xevolving 
double stars in the regions of ^pace, no Jess than the telluric 
ph^omena included under the department of the geography 
of organic forms (such as plants, animals, and races of men), 
comprises all that I deem most iqpecially important vrith re- 
gard to the connection existing between generalities and spe- 
cialities, while it moreover exempHfiaB, by the finm and st^ 
of tiie composition, the mode of treatment punmed in the«se* 
lecticm of the results obtained from experimental knowledge. 
The two succeeding volumes will contain a oouitderation of 
the particular means of incitement toward the study of na^ 
tuze (consisting in animated ddineations, landscape painting, 
and the arrangement and cultivation of exotic -vegetable 
forms), of the history of the contemplation of the universe, or 
the gradual development of the reciprocal action of natural 
foioet constituting one natural whole ; and, lastly, of the ape- 



Digitized 



by Google 



AUTHOR fe% PReFAGB. XI 

cial brftoohea ^ tlw aoTerAl d^picrtxDeuts of iciencc, whom 
xmitual comieetiiia IB indioated in the b^ginniog of the work. 
Whee^jx it ha» been possible to do so, I have adduced the au* 
thoritiea firom ^dienoe I derived my facta, with a view of afibrd- 
iBg lestisQoiLy both to the Aoeuiacy of my statements and to the 
valoe of the. obaNrvations to whksh reference was made. In 
those instanees where I have quoted from my own writings 
(the facts contained in which being, from their very nature, scat- 
t&eedi throsgh di&rent portions of my works), I have always 
referred to the original editi(»i8, owing to the importance of 
accuracy with regard to numerical relations, and to my own 
distrust of the care and correctness of translators. In the few 
cases where I havo e;ctracted short passages from the works 
of my friends, I have indicated them by marks of quotation ; 
and, in imitation of the practice of the ancients, I have inva- 
riably preferred the repetition of the ssune words to any arbi- 
trary substitution of my own paraphrases. The much-con- 
tested question of priority of olaim to a first discovery, which 
it is so dangerous to treat of in a work of this uncontroversial 
kind, has rarely been touched upon. . Where I have occasion- 
ally referred to classical antiquity, and to that happy period 
of trarisltion which has rendered the sixteenth and seventeenth 
centuries So celebrated, owing to the great geographical dis- 
coveries by which the age was characterized, I have been sim- 
ply led to adopt this mode of treatment, from the desire we 
experience from time to time, When considering the general 
views of nature, to escape from the circle of more striatly dog- 
matical modem opinions, and enter the free and fanciful do- 
main of earlier presentiments. 

It has frequently been regarded as a subject of discouraging 
consideration, that while purely literary products of intellect 
ual activity are rooted in the depths of feeling, and interwoven 
with the creative force of imagination, all works treating of 
empirical knowledge, and of the connection of natural phe- 
nomena and physical laws, are subject to the most marked 
modifications pf fpnp i]i the lapse of short periods of time, both 
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by the improvemeat in the instrnmeiila ttsed, and hjr the oai^ 
seqnent expansioii of the field of view opened to rational ob- 
servation, and that those flcientifio woAa -which have, to nse 
a common expression, become anti^ueUed by the acquisition 
of new funds, of knowledge, are thus continually being war 
signed to oUivion as unreadable. However ^&»ouiaging snob 
a prospect must be, no one who is animated by a genuine love 
of nature, and by a sense of the dignity attached to its study, 
can view with regret any thing which promises future addi- 
tions and a greater degree of perfection to genef al ktowledge. 
Many important branches of knowledge have Mkea based upon 
a soHd £>undation which will not easily be shaken, both as re- 
gards the phenomena in the regions of space and on the earth ; 
while there are other portions of science in which general 
views will undoubtedly take the pkce of merely special ; 
where new jforces will be discovered and new substances-will 
be made known, and where those which are now considered 
as simple will be decomposed. I would, therefore, venture to 
hope that an attempt to delineate nature in all its vivid ani- 
mation and exaltedgrandeur, and to trace the staile amid the 
vacillating, ever-recurring alternation of physical metamorjA- 

, will not be wholly disregarded even at a future age. 

FoUdam, No9., 1844. 
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SUMMARY. 

Tranalator's Preface. 

Author's Preftc«, 

Vol. I. 

OXNKRAL SOMMART Or TBI CONTBHTS. 

htrodttetion. — R^fiediotu on ike dHJ^erent Degrees of Enjofmeni pro* 
eented to us by the Aspect of Nature and the. scient\fie ExpoHtion of 

the Laws of the Unimerse .i Fag« 23-78 

Inii^ht into the connectioa of phenomeiia m the aim of all natural 
aiTOBtigatioii. Nature preaentt itaelf to meditative coatemplatioii aa a 
3mtf in divernty. Differdnoee in the grades of ei\io7meQt yielded by 
Mture. Effect of contact with free nature; M^ioyment derived from 
oatore independently of a knowledge of the aotion of natural foroee, or 
of the effect produced by the individual character of a locality. Sffect 
of the physiognomy and configurmtioa of the turfiioe, or of the character 
of vegetation. Reminiacencea of the woody valleys of the Oordilleras 
and of the Peak of Teaeriffe^ Advantages of the mountainous region 
uear the equator, where the multiplicity of natural impressions attains 
its mazioiam vnthin the most circumscribed limits, and where it is 
permitted to man simultaneously to behold all the stars of the firma> 
ment and all die forms of vegetation-^p. 23-33* 

Tendency toward the investigation of the causes of physical phenom 
sua. Erroneous views of the character of natural forces arismg from 
an imperfect mode of observatian or of induction. The crude accu> 
molation of physical dogmas transmitted from one century to another. 
Their di£Ruion pmong the higher classes. Scientific physics are asso- 
ciated with another and a deep-rooted system of untried and misundeiv 
stood experimental positions. Investigation of natural laws. Appre- 
hension ttnit nature may lose a portion of its secret charm by an inquixy 
into the intenud character of its forces, and that the e^jo^ent of na 
tute must necessarily be weakened by a study of its domain. AdvanV 
ages of general views which impwt an exalted and solemn character 
to natural science. The pearioility of separating generalities from 
> ^>eclBlities. Examples drawn from astronomy, recent optical discov 
eries, physical geognosy, and the geomphy of plants. ^ Practicabil 
ity of the study of physical cosmography— -p. 33-64. Misunderstood 
popular knowledge, confounding cosmogmph^ with a mere encyclop^ 
die enumeration of natural sciences. Necessity for a simultaneous re* 
gard for all branches of natural science. Influence of tkis study on 
national prosperity and the welfare of natiims; its more earnest and 
diaractenstic aim is an inner one, arising from exalted mental activity. 
Mode of treatment with regard to the object and presentation; recip* 
rocal connection existing between thoneht and speech— p. 54-^ 

The notes to p. 29-33. Conmarative nvpsometiical data of the elev» 
tions of the Dhawalagiri, Jawanhr, ChimDora2o,Atna (according to the 
measmeraent of Sir John Hersehel), the Swiss Alps, &».— p. 28. Rarity 
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ol palmt and finrns in tfae Himalaya Mountains—^. 29. Eoropean v*t. 
etable forms in the Ijidian Mcnmtain»— p. 30. Northern and southern 
limits of perpetual snow on the Himalaya; influence of the elevated 
plate&n or Thibet — ^p. 30-33. Fishes of an earlier world — ^p. 46. 

lAmU» and Method of Exposition of the Physical Description of the 

Universe —i Page 56-78 

Subjects embraced by the stody of the Cosmos or of physical cosmog 
raphy. Separation of other kindred studies— -p. 56-62. The nranu* 
logical portion of the Cosmos is more simple than the telluric ; the im- 
possibihty of ascertaining the diversity of matter simplifies the study 
of the mechanism of the neavens. Origin of the word CoswutSj its sig- 
nification of adornment and order of the universe. The existing can 
not be absolutely separated in our contemplation of nature irom the 
future, Histoiy of we world and description of the world— p. 62-73. 
Attempts to embrace the multiplicity of the phenomena of the Cos- 
mos in the unity of thoag^t and under the form of a purely 'rational 
combination. Natural phikMopfay, which jpreceded all exact obsenra^ 
tion in antiquity, is a natural, out not unlreq^ently ill-directed, eftbrt 
of reason. Two forms of abstraction rule the whole mass of knowl* 
edge, viz.: the ^uanmaihe, relative determinations according to num- 
ber and miagnitude, and qualitatioe'f material characters. Means of 
submitting phenomena to calculation. Atoms, mechanical melfaods of 
oonstmction. Figurative representations ; mythical conception of im* 
ponderable matters, and the peculiar vital mrces in every organism. 
That which is attained by observation and experiment (callx^ forth 
phenomena) leads, by analogy and induction, to a knowledge of en^wr- 
ical laws! uieir gradoal simflification and generalization. Arranee- 
ment of the &cts discovered in accordance with leading ideas. The 
treasure of empirical confemplalvm, collected through ages, is in no dan- 
ger of experiencing any hostile agency from philosophy— p. 73-78. 

[In the notes appended to p. 66-70 are considerations of the {||eneri^ 
and comparative geogmpl^ of Yarenins. Philological investigatioii 
into the meaning of the virords Koafioc and mundus."] 

Delineation 4ff Nature, Oenerdl Review of Natural Phenomena 

p. 79-859 
Introduction— p. 79-83. A descriptive delineation of the world 
embraces the whole universe (rd YrSv) in the celestial and terrestrial 
spheres. Form and oonrae of the rep r ase nt ation. It begins with the 
depths of space, of which we know little beyond the existence of 
laws of cavitation, and with the region of the remotest nebulous spots 
and double stars, and then, graduuly descending through the starry 
stratum to which our aolar system belongs, it contemplates this terres- 
trial spheroid, suirounded by- air and water, and, finally, proceeds to 
the consideration of the form of our planet, its tem^rature and mag- 
netic tension, and the fullness of organic vitality wmch is unfolded on 
its sur&ce under the action of lif ht. Partial insight into the relative 
dependence existii^ among all pnenom^ia. Amid all the mobile and 
mutable elements m space, mmtn nmncrical values are the ultimate aim 
of investigation, being the expression of the physical laws, or forces of 
the Cosmos. The d^neation of the universe does not begin with the 
earth, from which a merely subjective point of view might have led us 
to start, but rather with loo objects comprised in the regions of space. 
Distribution of mattaiv which u partial^ coBglomerated into rotating 
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BOu cncHUff ostiftitu!^ oomitik 01 voij ttSMrast ctomilQr mmi BMsnttnoOy 
and psrdy scattered aa Betf>kimimHM rapor. Beriew af the separate 
portions ef the jnctare of nature, for tlw porpoae of ez^aining tne re- 
ciprocal connection of aU ph< 



I. qele9iialForUottoftheCo$mo§ Page 83-154 

li. Terr^titicUPariMmofthe Cornea p. 154-3d9 

a. form of the earth, its mean density, qnantkjr of heat, alectio-aiag- 
netic activity, process of light— p. lM-^!202. 

h. Vital actiyity of the earth toward ifa external ssHhoe. Beaotion 
of the interior of a planet on its crest and soHaee. Snhter ran ean noise 
without wavea of concnssion. Eardiqttakes dynamie phanoinena—- 
p. 202-217. 

e. Materid products whiich frequentlT'eoeonipany eartiMniakes. Gas- 
eous and aqaeous springs. Salses and mud Tofeaaoea UpheaTals of 
the soil by elastic forces— p. 217-828. 

d. Fore-emitting mountains. Orators of elevation. Distribntion of 
▼olcanoes on the earUi— p. 228-247. 

e. Yolcanic forces* form new kinds of roek, and metanorphose those 
already existing. Geognostical classtBcation of racks into tarn groops. 
Phenomena of contact. Fossiliforoas strata ; their vertical arrangement. 
The faunas and floras of sn earlier world. Distribotieo of masses of 
rock— p. 247-284. 

/. €teognostical epochs, which are indicated b^r the minendogiioial dif- 
ibrenoe of rocks, have determined the distribution of solidi and fluids 
into, conttnenta and seas. Indiyidual oonfiguration of solids into hori- 
zontal expansion and vertical elevation. Belations of area. Articula- 
tion. Probability of the continued elevation of the earth's crust in 
ridges— p. 284-301. 

g. Liquid imd aftriform envelopes of the solid sarfoce of our planet. 
Distributioii of heat in both. The sea. The tides. Ourrents sAid their 
efiect»— p. 301*311. 

4. The atmosphere. Its chemical composition. Flnetoations in its 
density. Law off the direction of the winds. M<»aa temperatore. En«* 
meratioh of the causes which tend to raise and lower the temperature. 
Continental and iosolar climates. Baat and west ooasts. Cause of the 
curvature of the isothermal lines. Limits of perpetual snow. Identity 
of vapor. Blectricity in the atmosphere* Forms of the clouds— ^p. 
311-339. 

t. Sepwration of inof^nic t er re s tt ia l lift from the geography ef vital 
organisms ; the geography of regetables and animals. Fhysical grada- 
tions of the human race— p. 339^-350. 

Special Analym of the DoRneation rfN€U,ur4i including Re/erenceM to tJu 
StUfjecU troaled of in the Noies- 

l. CdeMtial Portion of the Co$m»o p. 83-154 

The universe and all that it co mp ri s es m ultiform nebulous spots, 
planetary rapor, and nebulous stars. The pietDrBS(|«e charm of a 
southern sky— note, p. 85. Ooi^eotures on me pontion in space of 
the world. Our steuar masses. A eosmical iahuid. Oaugii^ atars. 
Double stars revolving round a eommon center. Distanoe of the star 6 1 
Cygnt^^. 88 and note. Our solar system more complicated than was 
eotgectnred at the close of the last century. Primaiy planets with Nep- 
tnne, Airtrea, Heboi Iris, and Flora, now constitate 18 ; secondary plan- 
atslS; Biy«iadi6feoiB0ta of which many of lite iiMisr eaas am insfeaad 
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in th««HiHtoof Uieplaaeto; a rotatiiig ziog (the zodiacal Ikl^t) and iim»> 
teoric stoneo, probably to be regarded as small cosmical bodies. The 
telescopic planets, Vesta, Janoi Ceres, Pallas, Astrea, Hebe, Iiis, and 
Flora, with their frequently intersecting, strongly inclined, and more 
eccentric orbits, constitate a central group of separation between the 
inner planetary sronp (Mercnry, Venus, the Eartn, and Mara) and the 
oaCer group (Jupiter, Saturn, Uranus, and Neptune). Contrasts of these 
planetary m^pa, Belations of distance from one central body. Dif* 
ferences of absolate magnitude, density, period of revolution, eccentrio* 
ily, and inclination of the orbits. The soK^lled law of the distances of 
the planets from dieir central sun. The planets which have the larcest 
number of moons— p. 96 and note. Belations in qiace, both absolute 
and relative, of' the secondary planets. Largest and smallest of the 
moons. Groatest approximation to a primary planet. Betrogressive 
movement of the moons of Uranus. Idoration of the Earth's satellite*- 
p. 98 and note, pomets; the nucleus and tail; various forms and di- 
rections of the emanations in conoidal envelopes, with more or less 
dense walls. Several tails inclined toward the sun ; change of form of 
the tail ; its conjectured rotation. Nature of li^ht. Occultations of the 
fixed Stan by the nuclei of comets. Eccentricity of their orbits and 
periods of revolution. Qreatest distance and greatest approximation 
of comets. Passage through the system of Jupiter's satelhtes. 'Comets 
of- short periods of revolution, more correctly termed inner comets 
(Encke, Biela, Faye} — ^p. 107 and note. Bevolving aerolites (meteoric 
stones, fire-balls, falling stan). Their planetary velocity, magnitude, 
form, observed height. Periodic return in streams; the November 
stream and the stream of St. Lawrence. Chemical con^sition of me- 
teoric asteroids — ^p. 130 and notes. Bing of zodiacal bght. Limita- 
tion of the present solar atmosphere— p. 141 and note. Translatory 
motion of the whole solar system — ^p. 145-149 and note. The exist- 
ence of the law of gravitation beyond our solar mtem. The milky 
way of Stan and its conjectured breaking up. Milky way qf nebulous 
spots, at right angles with that of the stars. Periods of revolutions of 
bi-colored double stan. Canopy of stan; openings in the stellar stra- 
tum. Events in the universe; the apparition of new stars. Propaga- 
tion of li^ht, the aspect of the starry vault of the heavens conveys to ute 
mind an idea of inequality of time— p. 149-154 and notes. 

II. Terrestrial Portion of the Coamoe Page 154-359 

A. Figure of the earth. Density, quantity of heat, electro-magnetic 
tension, and terrestrial light— ^. 154-202 and note. Knowledge of 
the compression and curvature of the earth's surface acquired by meas- 
urements of degrees, pendulum oscillations, and certain ineiquaiities in 
the moon's orbit Mean density of the earth. The eardi's^crast, and 
tbe depth to which we are able to'penetrate — f. 159, 160, note. Three- 
fold movement of the heat of the earth ; its uiermio conditioa. Law 
of the increase of heat with the increase of depth— p. 160, 161 and note. 
Magnetism electricity in motion. Periodical variation of terrestrial 
magnetism. Disturbance of the regular course of the magnetic needle. 
Magnetic storms ; extension of their action. Manifestations of magnet- 
ic force on the earth*s surface presented under three classes of phe- 
nomena, namely^ lines of equal foroe (isodynamic), equal inclination 
(isoclinic), and equal deviation (isogonic). Position of the magnetic 
pole. Ito |>robabIe connection with the poles of cold. Change of all 
tbe magnetic phenomena of the earth. Erection of magnetic observa' 
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tones mice K88; a fri^extending net-work of nM^Betio ttotioBt— p. 
190 end note* Deyelopment of light at the magnetio poles ; terrestrial 
liefat as a conseqneiioe of the electro^magiietio actiTitj of oar planet. 
Elevation of polar ^IgfaL Whether magnetio storms are aooompanied 
by noise. Connection of polar fi^ht (an eleotn^magnetlo development 
01 light} with the formation of civras doods. Other examples of the 
generation of terrestrial light— ^. 202 and note. 

6. The vital activity of a planet manifested from within oatward, the 
principal sooroe of ^eognostie phenomena. Oonneetion bet w een mere- 
ly dynamic ooncossions or the upheaval of whole portions of the earths 
emst, accompanied bjr the effusion of matter, and the generation of 
paseoos and liqoid floids, of hot mud and fosed earths, which' solidify 
mto ro^s. Volcanic action, in the most general oonceptiott of the idea, 
is the reaction of the interior of a planet on its outer sorfiuM. Earth- 
quakes. Extent of the circlesof commotion and their gradual increase 
Whether there exists any connection between the changes in terre»> 
trial magnetism and die procesies of the atmos|^here. Noises, sabtoTi 
ranean unnder without any perceptible concussion. The rocks which 
modify the propagation of the waves of concossion. Upheavals ; eruf^ 
tion of vmfter, not steam, mud mofettes, smoke, and name daring an 
eardiquake— p. 202-318 and notes. 

e, Oloser consideration of material products as a oonseqaence of 
internal planetary activity. There rise from the depths of the earth, 
drnmeh nssures and cones of eruption, various gases, uquid fioids (pure 
or acidulated), mud, and molten earths. Volcanoes are a species of 
intermittent spring. Temperature of theimal springs ; their constaney 
and change. Depth of the foci— p. 211M224 and notes. Salses, mud 
volcanoes. While fire-emitting' mountains, being sources of molten 
earths, produce volcanic rocks, spring water forms, by precipitation, 
stnita ot limestone. Continued generation of sedimentsiy rocks— p 
228 and note. 

d. Diversity of volcanic elevations. Dome4ike closed trachytic 
mountains. Actual volcanoes which are formed from craters of eleva- 
tion or among the detritui of their original st ru c tu re. Permanent con* 
nection of the interior of our earth with the atmosphere. B e latie n to 
certain rocks. Iiduence of the relations of height cm the fi -eq u e ncy of 
the eruptions. Height of the cone of cinders. Characteristica of mose 
v<4canoe8 which rise above the snow-Une. Cohmins of ashes and fire. 
Volcanic storm during the eruption. Minersl composition of lava^-- 
p. 236 and notes. Dutribution of volcanoes on the earth's surftiee; 
central and linear volcanoes ; insular and littoral volcanoes. Distanee 
of volcanoes fifom the sea-coast. Extinction of volcanic forces— p. 246 
endnotes. 

e. Relation of volcanoes to the character of rocks. Volcanic forces- 
form new rocks, and metamorphose the more ancient odbs. The study 
of these relations leads, by a double course, to the mineral^rtion of 
geognosy (the study of the textures and of the position of the earth's 
strata), and to the confiearation of oontiaents and insular groups ele- 
vated above the level of the sea (the study of the geogn^hical form 
and oatUnes of the different parts of the earth) . Classification of rocks 
according to the scale of the phenomena of structure and metamorpho- 
sis, which are still passing before our eves. Bocks of eruption, sedi* 
mentary rocks, changed (metamorphosed) rocks, conglomerates^^oom. 
pound rocks are definite associatfoos of orycto^nostidtUy simple fossils 
Tliere are four phases in the formative conditions rocks of eruption. 
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inidogMMra* (gnniliB, wwntey pit yhy I' j , greenitone, hjiierBtheae, loch, 
•apfaotide, mefambyfe, basalt, ana phonolithe) ; sedUmentaiy rocks (ri* 
lonaa schist, cou measnrM, limestone, tcavertiao, infosoriiil deposit); 
melaaiorpliosed rock, which conCaiiis also^ together with the de^rttus 
of the rocks of eruption and sedimentary rocks, the lemaias of gneisc» 
mica sduflt, and more ancient metaoiorphic masses. Af ^reaaie and 
sandstone formations. The phenomenon of contact e]q>Iunea hj the 
artifioial imitation of minerals. ElfiisctB ef pressure and the varions ta- 
piditjr of cooling. Origin of granolar or saccharoidal marble, silidfica* 
tion of schist into ribbon jaspev. Afelamorphosis of calcareoos mail 
into nueaoeoQs schist throng sranite, Conyersion of di^mite and 
gmnitainto argtHaceoos scliist, hy contact with basaltic and doleritio 
rocks. Filling np of the veins from below. Processes of ceoientatiott 
in ag]B;lomemte structures. « Friction oonglomemtes-«p. 269 and note. 
Rebtive age of rocks, ohrooometry of the earth's crust. Fossiliferous 
strata. Relative age of organisms. SimpUci^ of the first vital forma^ 
Dep«HDdenee of physiohigical gradations on the age of the formations. 
, Qeognestic faorizoD, whose earefiil investigatkm may ^eld certain data 
regarding the identity or the relative a^e of formatums* the periodic 
vecorrenoe of certain stralai^ their panaUelism, or their total suppression* 
Types of the sedimentary stroctoras considieved in their most umple 
and general chanetem; siluriaa and devoaiaa formations (formerly 
known as rooks of transition) ; the lower tries (raoontam limestone, 
eoal measures, together with iodlliegmtde and zechstein^ ; the opper 
tries (hunter sandstDO0» nmschelkalk, and keuner) ; Jura lunestone (lias 
and oolite^; freestone, lower and upper chalk, as the last of the fl6ts 
stmca, which begin with mountain limestone ; tertiaiy formatioos in 
three divisions, which are designated by granular limestone, lignite, 
and south Apenniae gmvel— p. 269-378. 

The finmas and flotas of an earlier world, and their relations to e&isi> 
ing organisms. Colossal bones of antediluvian mammalia in the upper 
alinvittm. Vegetatimi of an earlier world ; monuments of the history 
ef its vegetation. The points at which certain vegetable groups attain 
their mazimnm ; cyoadeas ia the keuper and lias, and conifene in the 
hunter sandstone^ Lignite and coal measures (aiober^tree}. Deposition 
of lanro mfiw of rock ; doubts regardinff their origin— p. 285 and note 
/. The knomdedge of geognostio ^KMms— «f the upheaval of mounV 
ain chains and elected plateanac, by which iaiids are both formed and 
de st r o y ed, leads, fay an mtemal causal oonneotion, to the distribution 
mie smids and fluios, and to the peculiarities in the natural configura- 
tion of the earth's sndace. Ezistmg atfeal relations of the solid to the 
ftnd differ oonsiden^ly from those presented by the maps of the phys- 
ical portion of a more ancient geography. Importance of the eruption 
of quartEose porphyry with rerorence to the then existing configuration 
of continents!* masses. Individual conformation in horizontal exten^ 
sion (relations of artionlation^ and in vertical elevation (hypsometrical 
stations < * * 



views). Influence of the relations of the area of land and sea ou the 
temperatare, direction of the winds, abundance or scarcity of organic 
''productB, and on all meteorological processes collectively. Direction 
of the nugor axes of continental masses. Articulation and pyramidal 
termination toward the south. Series of peniasulas. Valley-like form- 
ation of ^ Atlantic Ck^ean. Forms whicb frequently recur— p. 285- 
998 and notes. Bamifications and systems of mountain chains, and the 
of determining their relative ages. Attempts to determine the 
of ff9sn»f of ttte vobme of the lands upheaved above the level 
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ofdM^A*. Tiia aleTOtioa of oomJiMOtt it^lffl frogrwiwiiy #la|w^^ aad 
ii ^oing compeniated for at loine definite pointt by a peroeptible nok* 
ifig. iQl geognostio j^enoiaeBa indicate a periadicu aliernatioa of 
mtivity in the intenor of oar planet. Probabdi^ of new elevrtioiM af 
ridgea— p. 293-^1 and aotes. 

g. Tba adUd 9tti^»ce ^tbe eaith haa twoeavalopet, one Hqwd, aail 
tbeetber aenfocm. ContrMts and analogiea wbieh thate ay^p e a- 1 
tbe sea and the alittMPhere— present in their oonditiona or aggregi^ 
tioB and eleetodity, and in their ralationt of onrrenH and tanperatma. 
Depths of the ocean and ef the atmospherai* the idioals of which consti 
tale oar highlanda.and woontam chains. The degiwe oi heat at the 
snr&ce of t£» sea in different latitudes and in the lower strata. Tend- 
ency of the sea to maintain the temperatnra of the soifiMe in tite strata 
nearest to the atmosphere, in consequence of the mobilitT of its parti- 
cles and the altisration in its density. Maximam of the density of salt 
water. Poeiti^Ni of the zones of tae hottest water, and of those having 
the {^seatest saline contents. Thermic inflaenoe of the lower pohir cni^ 
rent and the isoxmter currents in the straits of the sea— h». 302-^4 Mid 
notes. General lev^ of the sea, and pennanent loc^ disturbances of 
equilibrium ; the periodic disturbances manifested as tides. Oceanic 
eurrents ; the equatorial or rotation oaxrent, the Atlantic warm Gnlf 
Stream, and the furUier impulse which it receives ; the cold Peruvian 
stream in the eastern portion of the Pacific Ocean oi the soothem zoae. 
Temperature of shoab. The umversal difiusion of life in the ocean. 
Influence of the small sobmarine i^lvan region at the botttom of beda 
of rooted alge, or on fap^itendic^ floating layers of fticas-— p^ 801^^11 
and notes. 

&. The gaseous -envelppe of our plraet, the atmosphere. Chemieal 
composition of the atmosphere, its transpareacy, its polmixatiott, pres 
sore, temperature, hunudity, and ^ectric tension. Relation of oxygen 
to nitrogen ; amount of carbonic acid ; carbureted hydrogen ; ammo- 
niacal vapors. Miasmata. Begular (horary) changes in tl^ preasura 
of the atmosphere. Mean barometricid height at the level of the sea 
in difiereatzoaes of the earth. Isobarometncal curves. Bcamxietricd 
windroses. Law of rotation of the winds, and its iraportanee wkh ref- 
erence to the knowledge of many meteorological processes. Land and 
sea vnnds, trade winds and monsoons — p. 311-^17. Climatic distr^- 
tion of heat ia the atmosphere, as the effect of the relative position of 
tram^Kirent and opaque masses (fluid and solid superficial area), and 
of the hypsometrical coufiguratioa of continents. Curvatm'e of tne iso- 
thermal hnes in a horizontal and vertical direction, on the earth's sar- 
&ce and in the superimposed strata of air. Convexity and concavity 
of the isothermal unes. Mean heat of the year, seasons, months, and 
days. JEnumeration of the causes which produce disturbances in the 
Ibrm of the isothermal lines, •*. «., their deviation from the position of ik» 
geographical parallelB. IflochiBEienal and isotheeal lines are the lines of 
equal winter and sununer beat. Oanses which raise or lower the tem- 
perature. Badiation of the earth's surfeee, according to its inclination* 
color, density, dryness, and chemical compositi<m. The form of the 
cloud which announces What is passing in the upper strata of the atmos* 
phere is the image of the strongly radoaling gronpid projected on a hot 
siunmer sky. Contrast between an insular or littoral dimate, soch aa 
is experienced by all deeply-artioulated continents^ and the climate of 
th^ inferior of Urge tracts of land. East and west coasts. Difierenca 
between tha southern and northern hemi^heraa. Tfaernaal aeries of 
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ealtivacted pUmts, gmng down fiom the vanilla, oacoa, and mxmfDem, to 
citrons and oUves, and to vinet yielding potable winea. The influence 
which ^ese scales exercise on the geographical dittribntion of cnlti« 
vated jpdants. The iavorable rij»ening and me immatDrity of froits u^ 
essentially inflaenoed by the difference in the action of direct or scat- 
tered Uffht in a clear slrf or in one oTercast with mist Oenend scim- 
maiy of the caose» which yield a more genial cBmate to the greater 
portion of Eorope considered as the western peninsola of Ajna^-p. 326. 
Determination of the changes in the mean annual and snmmer temper- 
ature, which correspond to one degree of geographical latitnde. Equal- 
ity of the mean temperature of a monntam station, and of the pcdar dis- 
tance of any point lying at the level of the sea. Decrease of tempera- 
ture with the decrease m elevation. ^ Limits of perpetual snow, ana the 
fluctuations in these limits. Oanses'of disturbance in the reeularity of 
the phenomenon. Northern and southern chains of the Himalaya ; hab- 
itability of the elevated plateaux of Thibet— p. 391 . Quantity of moist* 
uie in the atmosphere, according to the hours of the day, the seasons of 
the year, degrees of latitude, and elevation. Greatest dryness of the 
atmosphere observed in Northern Asia, between the river districts of 
tbe IrtySch and the Obi. Dew, a consequence of radiation. Quantity 
of raht— p. 335. Electricity of the atmosphere, and disturbance of the 
electric tension. Geographical distribution of storms. Predetermina 
tion of atmospheric changes.' The most important climatic disturbances 
can not be traced, at the place of observation, to any local cause, bat are 
ntber the conseqikence of some occurrence by .which the equilibrium 
in the atmospheric currents has been destroyed at some considerable 
dist&nce— p. 335-339. 

i. Physical geography is not limited to elementary inorganic terres- 
trial life, but, elevated to a higher pomt of view, it embraces the sphere 
of organic life, and the numerous gradations of its typical development. 
Animal and vegetable life. Generardiffusion of life in the sea and on 
the land; microsoopie vital forms discovered in the polar ice no less 
than in the depths of the ocean within the tropics. Extension imparted 
to the horizon of life by Ehreobere's discoveries. Estimation of the 
mass (volume) of animal and vegetable orgaaisms^-^. 33^346. Geog- 
raphy of plants and animals. Migrations of organist^ in the ovum, or 
by means of or^ns capable of spontaneous motion. Spheres of distri- 
bution dependmg on climatic relations. Hegions of vegetation, and 
classification of the genera of animals. Isolatcicl and social living ^ants 
and animals. The character of floras and feunas is not determined so 
much by the predominance of separate femiKesy in certain parallels of 
latitude, as by the highly complicated relations of the association of many 
femilies, and the re&tive numerical value of their species. The forms 
of natural families which increase or decrease from the equator to the 
poles. Investigations^lnto the numerical relation existing in different 
districts of the earth between each one of the large fiunilies to the 
whole mass of phanerogamia— p. 346-351 . The human race considered 
lUMSording to iu physical gradations, and the geographical distribution 
of its simultaneously occurring types. Races and varieties. All noes 
of men are forms of one single species. Unity of the human race. 
Languages considered as the intollectaal creations of mankind, or as 
portions of the history of mental activity, manifest a character of nation- 
ality, il^ugh certain historical occurrences have been the means of 
d^iusing idioms of the same femily of languages among nations of wholly 
difi^nt dMeent— p. 351-359. 
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RBPLECnOllS OX THS 0IFI1S|tEKT DEGREES OF EKJOTMSMT PBK. 
aSMTED TO UB BT TBE AfiPSCT OF KATUSE AND THE STUDY OF HER 
LAWa 

III attemptiiig, ai^ a long absence finom my native ooun- 
tiy, to deraop the phydeal phenomena of the globe» and the 
dmoltaneow aetkm of the foioes that pervade the regionB of 
space, I experience a two-fold cause of anxiety. The subject 
befoie me is so inexhaustible and bo varied, that I fear eiUier 
to fill! into the superficiality of the encyclopedist, or to weary ^ 
the mind of my r^er by aphorisms consisting of mere gener- 
alities clothed in dry and dogmatical forms. Undue concise- 
nees often checks the flow of expression, while difiuseness is 
alike detrimental to a clear and precise exposition of our ideas. 
Nature is a free domain, and the profi)und conceptions and 
enjoyments she -awakens within us can only be vividly deline- 
ated by thought dothed'in exalted forms of speech, worthy of 
bearing witness to the majesty and greatness of the creation. 

In oonsiderivg the study of {^ysical phenomena, not mere- 
ly in its bearings on the material wants of life, but in its gen- 
enl influence on the intellectual advancement of mankind, 
we find its noblest and most important result to be a knowl- 
edge of the chiCin of connection, by which all natural forces 
are linked together, and made mutually dependent upon each 
other ; and it is ih» perception of these relations that exalts 
our views and ennobles our enjoyments. Such a result can, 
however, only be reaped as the fruit of observation «id intel- 
lect, combined with uie spirit of the age, in which are refiect- 
ed all the varied phases of thought. He who can trace, 
Ihrough by-gone times, the stream of our knowledge to its 
primitive source, will leam from history how, for thousands 
of years, man has labored, amid the ever-recurring changes 
of form, to recognize the invariability of natural laws, and 
has thus, by the finrce of mind, gradually subdued a great por- 
tion of the physical world to his dominion. In interrogating 
the hktory of the past, we trace the mysterious course of ideas 
fielding the^rst glimmering perception of the same imag^i <^ 
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ft Cosmos, or kamiotiiously ordered whole, which, dimly shad* 
owed forth to the human mind in the primitive ages of the 
world, is now fully revealed to the maturer intellect of man 
kind as the result of long and lahorious ohservation. 

Each of these c^ioehs ^ tbo oontem{ilatioii of the external 
world — the earhest dawn of thought und the advanced stage 
of civilization — ^has its own source of enjoyment. In the 
former, this enjoyment, in accordance with the simplicity of ^ 
the primitive ages, floi^ from an intoitive iMiogii ike or 
der that was proclaimed by the invariaUe and wieoeBBiTe re- 
appearance of the heavenly bodies, and by the progressive de- 
vek^ment of organized bemg^ ; while in the labeK> Hm qeiise 
of enjoyment springs fi»m a definite Iraowladgo a^ tfae p^ 
nomeoa of »atuiie. When man be^gan to intenPQglitc^ natpzi^ 
and, not content with ofasenriag, learned to evoke phenomena 
und^r definite condltians ; whcsa once he sought to ccJOiect and 
record facts; in oxd» that the &ait of his labors wght aid in- 
vestigalion after his own bdef existenae had passed away, the 
pkU^opkif €f Na4Mre cast aside llie vague and pootic g/aA 
in which she had been enveloped framlii^ ori§^ and, having 
assumed a severe aiqwet, she now weighs the yaiijie of ob> 
servations, and substitutes induction aad jmaooniiig & co^ 
jeeture and assumption. The dogmas t£iosm&£ ages survivo 
now only in the superstitions of the people and the j^judicea 
oi the ignorant, (ht are peipetuated.ia a &w q^stems, which, 
conscious of their weakness, shroud themflelvQs in a vail of 
mystery. We may ako txaoe the same primitivo intnitions 
in languages emberamt in figurative expressioi^ ; and a few 
of the best chosen symbols eDgendered by the happy inspinp- 
tion of the earliest ages, having by degroes lost tbeir yague- 
nesB thnmgh a better mode of interpretation, are still preserved 
among our scientific terms. 

Nature conndesed rationalhf^ that is to say, submkted to 
the process of thought, is a unity in divwcaity of pheoopiew; 
a htumony) falendi]^ together all created thu^fs, however dis-. 
similar in form and attributes ; one great whide (re ^dy) an- 
imated by the breath of li&. The most important result of 
a rational inquiry into nature is, therefina, to ertablitth the 
unity and haimony of this stupendous mass of foroe and mat- 
ter, to determine with impartial justice what is due to the 
discoveries of the past and to those of the present, and to Wr 
alyze the individual parts of natural phenoaiena wkhoQt sqer 
emnbing beneath the vpeig^ of the whole. Thus, and thu9 
akme, ia it permitted to man, while mindfiil of the high deip 
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. tiny of his race, to comprehend nature, to lift the vail that 
shrouds her phenomena, and, as it were, suhmit the results of 
observation to the test of reason and of intellect. 

In reflecting upon the diflerent degrees of enjo3rment pre- 
sented to us in the contemplation of nature, we find that the 
iirst place must be assigned to a sensation, which is wholly 
mdependent of an intimate acquaintance with the physical 
phenomena presented to our view, or of the peculiar character 
of the region surrounding us. In the uniform plain bounded 
only by a distant horizon, where the lowly heather, the cistus, 
or waving grasses, deck the soil ; on the ocean shore, where 
the waves, softly rippling over the beach, leave a track, green 
with the weeds of Qie sea ; every where, the mind is penetra- 
ted by the same sense of the grandeur and vast expanse of 
nature, revealing to the soul, by a mysterious inspiration, the 
existence of laws that regulate the forces of Uie universe. 
Mere communion with nature, mere contact with the free air, 
exercise a soothing yet strengthening influence on the wearied 
spirit, calm the storm of passion, and soften the heart when 
shaken by sorrow to its inmost depths. Every where, in ev 
ery region of the globe, in every stage of intellectual culture, 
the same sources of enjoyment are alike vouchsafed to man. 
The earnest and solemn thoughts awakened by a communion 
with nature intuitively arise irom a presentiment of the order 
and harmony pervading the whole universe, and ftom the 
contrast we draw between the narrow limits of our own ex- 
istence and the image of infinity revealed on every side, wheth- 
er we look upward to the starry vault of heaven, scan the far- 
stretching plain before us, or seek to trace the dim horizon 
across the vast expanse of ocean. 

The contemplation of the individual characteristics of the 
landscape, and of the conformation of the land in any definite 
region of the earth, gives rise to a diflerent source of enjoy- 
ment, awakening impressions that are more vivid, better de- 
fined, and more congenial to certain phases of the mind, than 
those of which we have already spoken. At one time the 
hoart is stirred by a sense of the grandeur of the fitce of na- 
ture, by the strife of the elements, or, as in Northern Asia, by 
the aspect of the dreary barrenness of the far-stretching steppes ; 
at another time, softer emotions are excited by the contempla- 
tion of rich harvests wrested by the hand of man fix)m the 
wild fertility of nature, or by the sight of himian habitations 
raised beside some wild and foaming torrent. Here I regard 
less the degree of intensity than the difierence existing in the 

Vol. I.^B 
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various sensations that derive their chano and peitnanenei 
from the peculiar character of the scene. 

If I might he allowed to abandon myself to the recollections 
<if my own distant travels, I would instance, among the most 
striking scenes of nature, the calm sublimity of a tropical nighty 
ivhen the stars, not sparkling, as in our northern skies, ^ed 
their soft and planetary light over the gently-heaving ocean ; 
>r I would recall the deep valleys of the Cordilleras, where 
che tall and slender palms pierce the leafy vail around them> 
md waving on high their feathery and arrow-like branches, 
':brm, as it were, " a forest above a forest ;"• or I would de- 
scribe the summit of the Peak of Tenerifie, when a horizontal 
Ayer of clouds, dazzling in whiteness, has separated the cone 
)f cinders from the plain below, and suddenly the ascending 
3urrent pierces the cloudy vail, so that the eye of the traveler 
may range from the brink of the crater, along the vine-clad 
slopes of Orotava, to the orange gardens and banana groves 
that skirt the shore. In scenes like th^, it is not the peace- 
ful charm uniformly spread over the face of nature that moves 
the heart, but rather the peculiar physiognomy and conforma* 
tion of the land, the features of the landscape, the ever^vaiy- 
ing outline of the clouds, and their blending with the horizon 
of the sea, whether it lies spread before us like a smooth and 
shining mirror, or is dimly seen through the morning mist. 
All that the senses can but imperfectly comprehend, all that 
is most awful in such romantic scenes of nature, may become 
1 source of enjo)rment to man, by opening a wide field to the 
3reative powers of his imagination. Impressions change with 
the varying movements of the mind, and we are led by a hap- 
py illusion to beheve that we receive from the external world 
that with which we have ourselves invested it. 

When far from our native country, after a long voyage, we 
jread for the first time the soil of a tropical land, we expe- 
ience a certain feehng of surprise and gratification in recog- 
lizing, in the rocks that surround us, the same incHned schis- 
I ose strata, and the same columnar basalt covered with cellu- 
iar amygdaloids, that we had left in Europe, and whose iden- 
tity of character, in, latitudes so widely different, reminds us 
I hat the solidification of the earth's ciust is altogether inde- 
(•endent of climatic influences. But these rocky masses of 
»3hist and of basalt are covered with v<igetation of a character 
with which we are unacquainted, and of a physiognomy wholly 

* This expression is taken from a beaatiful description of tropical 
torest flcenei-y in Paul and Virginia, by Bemardin de Saint Pierre. 
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imlgQown to us ; and it is tb^, aimd the colossal and majestic 
fonns of an exotic flora, that we feel how wonderfally the flex* 
ibility of our nature fits us to receive new impressions, linked 
together by a certain secret analogy. We so readily p^ceivt 
the af^ty existing among all the forms of organic life, thai 
although the sight of a vegetation similar to that of our native 
country might at first be most welcome to the eye, as the sweel 
familiar sounds of our moth^ tongue are to the ear, we nev- 
ertheless, by degrees, and almost imperceptibly, become famil 
iarized with a new home and a new cUmate. As a true citi 
zen of the world, man every where habituates himself to tha^ 
which surrounds him ; yet fearful, as it were, of breaking tl 
links of association that bind him to the home of his childhoocJt 
the colonist applies to some few plants in a far-distant clime the 
names he had been familiar with in his native land ; and by 
the mysterioos relations existing among all types of organiza* 
tion, the forms of exotic vegetation present themselves to his 
mind as nobler and more perfect developments of those he had 
loved in earlier days. Thus do the spontaneous impressions 
of the untutored mind lead, like the laborious deductions of 
cultivated intellect, to the same intimate persuasion, that one 
sole and indissoluble chain binds together all nature. 

It may seem a rash attempt to endeavor to separate, into 
its difierent elemenj;s, the magic power exercised upon our 
mindd by the physical worid, since the character of the land« 
scape, and of every imposing scene in nature, depends so ma- 
terially upon the mutual relation of the ideas and sentiments 
fiimultaneously excited in the mind of the observer. 

The powerful efiect exercised by nature springs, as it wfi^re, 
from the connection and unity of the impressions and emo- 
tions produced ; and we can oi^y trace their difierent sources 
by analyzing the individuality of objects and the diversity of 
forces. 

The richest and most varied elements for pursuing an anal- 
ysis of this nature present themselves to the eyes of the trav- 
eler in the scenery of Southern Asia, in the Great Indian 
Archipelago, and more especially, too, in the New Continent, 
where the summits of the lofty Cordilleras penetrate the con- 
fines of the aerial ocean surrounding our glooe, and where the 
«ame subterranean forces that once raised these mountain 
chains still shake them to their foundation and threaten their 
downfalL 

Gia|ddc delineationB of nature, -arranged according to sys* 
teouKtic viswBf sve not only salted to pLttse the imagi»atiloa, 
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/ but may also, when properly oonsidered, indicate the grades 

of the impreeudons of which I have spoken, from the umiorm- 
ity of the sea-shore, or the barren steppes of Siberia, to the 
inexhaustible fertility of the. torrid zone. If we were even to 
picture to ourselves Mount Pilatus placed on the Schreck- 
horn,* or the Schneekoppe of Silesia on Mont Blanc, we should 

* These comparisons are only approximative. The several eleva- 
tions above the level of the sea are, in accurate numbers, as follows: 

The Schneekoppe or Biesenkoj^pe, io Silesia, about 5270 feet, ac- 
eording to Hallaschka. The Righi, 5902 feet, tiding the height of the 
l4ake of Lucerne at 1426 feet, according to Eschman. (See Compte 
, Rendu des Mesures Trieonometriques en SuissCf 1840, p. 230.} Mount 
Athos, 6775 feet, according to Captain Gaultier; Mount Pilatus, 7546 
feet; Mount ^tna, 10,871 ieet, according to Captain Smyth; or 10,874 
iTeet, according to the barometrical measurement made by Sir John 
Herschel, and communicated to me in writing in 1825, and 10,899 feet, 
according to angles of altitude taken by Caci^iatore at Palermo (calcu- 
lated by assuming the terrestrial refraction to be 0*076) ; the S<direck 
horn, 12,383 feet ; the Jungfrau, 13,720 feet, according to TraUes ; Moirt 
Blanc, 15,775 feet, according to the different measurements considered 
by Roger {Bibl, Univ., May, 1828, p. 24-53), 15,733 feet, according to 
the measurements taken from Mount Columbier by Carlini in 1821, and 
15,748 feet, as measured by the Austrian eiigineers from Trelod and 
the Glacier d'Ambin. 

The actual height of the Swiss mountains fluctuates, according to 
Esohman's observations, as much as 25 English feet, owing to the vary- 
ing thickness of the stratum of snow that covers the summits. Chim- 
bontzo is, according to my trigonometrical measurements, 21,421 feet 
(see Humboldt, Recueil d^Obi. Astr., tome i., p. 73), and Dhawalagiri, 
28,074 feet. As there is a difference of 445 feet between the determin- 
ations of Blake and Webb, the elevation assigned to the Dhawalagiri 
(or white mountain, from the Sanscrit dhawedaf white, and ^'W, mount- 
ain) can not be received with the same confidence as that of the Jawa- 
hir^ 25,749 feet, since the latter rests on a complete trigonometrical * 
measurement (see Herbert and Hodgson in the Asiat. Ret., vol. xiv^ 
p. 189, and Suppl. to Encycl. BriLj vol. iv., p. 643). I have shown 
elsewhere {Ann, des Sciences Natuvelles, Mars, 1825) that the height of 
the Dhawalagiri (28,074 feet) depends on several elements that have 
not been ascertained with certainty, as azimuths and latitudes (Hum- 
boldt, Atie CentralCt t. iii., p. 282). It has been believed, but without 
foundation, that in the Tartaric chain, north of Thibet, opposite to the 
chain of Kuen-lun, there are several ^snowy summits, whose elevation 
is about 30,000 English feet (almost tvrice that of Mont Blanc), or, at 
any rate, 29,000 feet (see Captain Alexander Grerard's and John Gerard's 
Ji^t 'rney to the Boorendo Pan, 1840, vol. i., p. 143 aod 311). Chimbo- 
n..^ is spoken of in the text only as one of the highest summits of the 
chain of the Addes ; for in &e year 1827, the learnied and higUy-sifted 
traveler, Pentland, in his memorable exfjedition to Upper Peru (Bofivia), 
measured the elevation of two mountains situated to the east of Lake 
Titicaca, viz., the Sorata, 25,200 feet, and the Illimani, 24,000 feet, both 
greatly exceeding th« height of Chimborazo, which is only 21,421 feet, 
and being nearly e<^aal in etovatidn to the Jawahir, which is ^e highest 
momOakOLin. the HimiJ&ym that has asyet been accurately meaMivd. 
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not Itare attained to the height of that great Colossua of the 
Andes, the Chimborazo, whose height is twice that of Mount 
^tna; and we must pile the Kighi, or Mount Athos, on the 
summit of the Chim&>razo, in order to form a just estimate 
of the eleTation of the Dhawalagiri, the highest point of the 
Himalaya. But although the mountains of India greatly sur^ 
pass the Cordilleras of South America by their astonishing el- 
evation (which, after being long contested, has at last been 
confirmed by accurate measurements), they can not, from their 
geographical position, present the same inexhaustible variety 
of phenomena by which the latter are characterized. The 
impression produced by the grander aspects of natuvo does not 
depend exclusiTcly on height. The chain of the Himalaya is 
placed £aLT beyond the limits of the torrid zone, and scarcely is 
a solitary palm-tree to be found in the beautiful valleys of 
Kumaoun and Gaiiiwal.* On the southern slope of the an- 
cient Paropamisus, in the latitudes of 28° and 34°, nature no 
longer displays the same abundance of tree-ferns and arbores- 
cent grasses, heliconias and orchideous plants, which in tropic* 

Thus Mont Blanc is 5646 fieet below Chimborazo ; Chimborazo, 3770 
feet below the Sorata ; the Sorata, 549 feet below the Jawahir, and prob 
ably aboat 2880 feet below the Dhawalagiri. Acooiding to a new 
measurement of the lUimani, by Pentland, in 1838, the elevation of thia- 
moontain is given at 23,868 feet, varying only 133 feet from the meas- 
urement taken in 1827. The elevations have been given in this note 
vdth ntinnte exactness, as erroneous numbers have been introduced 
into many maps and tables recently published, owing to incorrect re* 
ductions of the measure m ents. 

[In the preceding note, taken from those > appended to the Introduc- 
tion in the French translation, rewritten by Humboldt himself, the 
measurements are given in meters, but these have been converted into 
English feet, for the greater convenience of the general reader.]— T'r. 

* The absence of palms and treerferns on the temperate slopes of the 
Himalaya is shown in Don's F^ara NepalensiSf 1825i and in the remark- 
able series of lithographs of Wallich's Flora Indiea, whose catalogue 
contains the enormous number of 7683 Himala^^a species, almost all 
phanerogamic plants, which have as yet been but imperfectly classified. 
Id. Nepaul (lat. 26i° to27i°) there has hitherto been observed only one- 
species of palm, Chamaerops martiana, Wall. (Planta Asiat., lib. iii., p 
&, 211), which is found at the height of 5250 English feet above the level 
of the sea, in the shady valley of Bunipa. The magnificent tree-fern, 
Alsophila brunoniana. Wall, (of which a stem 48 feet long has been in 
the possession of the British Museum since 1831), does not grow in Ne- 
paul, but is found on the mountains of Silhet, to the northwest of Cal- 
cutta, in lat. 24° 50'. The Nepaul fern, Paranema cyathOides, Don, 
formerly known as Sphaerojptera barbata. Wall. {Planfa AHat.j lib. i., 

L42, 48)^ is, indeed, nearly related to Cyathea, a speciea of which I 
ve seen in the South American Missions of Caripe^ measaving 33 feet 
in height; this is not, howwer, pfoperiy speaking, a f 
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al xegions are to b& found even on the highest |dateaux of the 
mountainfi. On the slope of the Himalaya, under the shade 
of the Deodora and the broad-leaved oa^, pecuUar to these 
IndiaA Alps, the rocks of granite and of mica schist are cov- 
eired with vegetable forms almost similar to those which char- 
acterize Europe and Northern Asia. The species are not 
identical, but closely analogous in aspect and physiognomy, as. 
Sax instance, the jimiper, the alpine birch, the gentian, the 
marsh pamassia, and the prickly species of RD^es.*" The 
chain of the Himalaya is also wanting in the imposing phe- 
nomena of volcanoes,, which in the Andes and in the Indian 
Archipelago often reveal to the inhabitants, imder the ihost 
terrific fi>rms, the existence of the forces pervading the inte- 
rior of our planet. 

Moreover, on the southern declivity of the Himalaya, where 
the ascending current deposits the exhalations rising from a 
vigorous Indian vegetation, the region of perpetual snow be- 
gins at an elevation of 11,000 or 12,000 feet above the level 
of 1^ 8ea,t thus setting a limit to the development of organic 

* Ribes nabicola, B. daciale, R. groasolaria. Th& species which 
compose the yegetatioa of the Himalaya ore four pines, notwithstanding 
the assertion of the ancients regarding Eastern Asia (Strabo, hb. 11, p. 
510, Cas.]|, twenty-five oaks, four bircues, two chestnuts, seven maples, 
twelve willows, joarteen roses, three species of strawberry, seven spe> 
des of Alpine roses (rkododendra), one of which attains a height of 20 
feet, and many other northern genera. Large white apes, havmg black 
fiaices, inhabit the wild chestnut-tree of Kashmir, which grows to a height 
of 100 feet, in lat. 33° (see Carl von HagePs Kaschmirf 1840, 2d pt. 
240). Among the Coniierqe, we find the Finns deodwara, or deodara 
(in Sanscrit, diwa-darUf the timber of the gods), which is nearly allied 
to Piyis cedriis. Near the limit of perpetual snow flourish the large 
and sQowy flowers df the Crentiana venusta, G. Moorcroftiana, Swertia 
purpurescens, S. speciosa, Parnassia armata, P. nubicola, PcBonia £mo- 
di, Tolipa stellata; and, besides varieties of European genera peculiar 
to these Indian mountains, true Buropean species, as Leontodou tarax- 
acum. Prunella vulgaris, Galium aparine, and Thlaspi arvense. The 
heath mentioned by Saunders, in Turner's Trapeltt and which had been 
confounded with Calluna vulgaris, is an Andromeda, a fact of the great- 
est importance in the geo^phy of Asiatic plants. If I have made use, 
in this work, of the unphilosophical expressions of European genera, 
European species, growing wild in Asictj &c., it has been in consequence 
of the old botanical language, which, instead of the idea of a large dis- 
seminaticm, or, rather, of the coexistence of organic productions, has 
dogmatically substituted the Mse hypothesis of a migration, which, 
fix>m predilection for Europe, is further assumed to have been from wost 
to east. 

t On the southern declivity of the Himalaya, the limit of perpetual 
■now is 12,978 feet above tha level of the sea; on the northern decliv* 
ity, or, rather, on the peakft which xaa» above the Thibet, or Tartarian 
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ule in a zone that is nearly 3000 feet lower than that to whicl'. 
it attains in the equinoctial region of the Cordilleras. 

|;lateau, this limit is at 16,625 feet from 30^<^ to 32^ of latitude, whik 
at the equator, ia the Andes of Quito, it is 15,790 feet. Such is the 
result I have deduced fiom the combination of numerous data famished 
by Webb, Gerard, Herbert, and Moorcroft. (See my two memoirs oo 
the mountains of India, in 1816 and 1820, in the Ann. de Ckmie et dt 
Phifdque, t. iii., p. 303 ; t. xiv., p. 6, 22, 50.) The greater elevation to 
which Ihe limit of perpetual snow recedes on the Tartarian declivity 
is owing to the radiation of heat from the neighboring elevated plainS; 
to the fMirity of the atmosphere, and to the infrequent formation of snow 
in an air which is both very cold and very dry. (Humboldt^ Asie Cen 
irale, t. iii., p. 281-326.) My opinion on tfaie diiference of height of 
the snow-line on the two sides of the Himalaya has the high aumority 
of Colebrooke in its favor. He wrote to me m June, 1824, as follows: 
" I also find, from the data in my possession, that the elevation of the 
line of perpetual snow is 13,000 iieet. On the southern declivity, and 
at latitude 31^, Webb's measurements give me 13,500 feet, consequently 
500 feet more than the height deduced from Captain Hodgson's oh 
servations. Gerard's measurements fully confirm your opinion tha^ 
the line of snow is higher on the northern than on the soutnem side.' 
U was not until the present year (1840^ that we obtained the complete 
Rnd collected journal of the brothers Gerard, published under the so 
pervision of Mr. Lloyd. {Narrative of, a Journey from Cawnpoor t» 
the Boorendo Pass, in the Himalaya, by Captain Alexander Oerard ant 
John Gerard, edited by Georgfe Lloyd, vol. i., p. 291, 311, 320, 327, am 
•)41.) Many interesting details regarding some localities may be fount > 
in the narrative of A Vint to the Shatool,for the Purpose of determinin, 
the Line of Perpetual Snow on the southern face of the Himalaya, ta At 
gust, 1822. Unfortunately, however, these travelers always confoun < 
the elevation at which sporadic snovf falls with the maximum of th 
height that the snow-line attains on the Thibetian plateau. Captait 
Gerard distinguishes between the summits that rise in the middle o 
the plateau, where he states the elevation of the snow-line to be bi 
tween 18,000 and 19,000 feet, and the northern slopes of the chain o 
Uie Himalaya, which border on the defile of the Sutledge, and can n 
diate but little heat, owing to the deep ravines with which they at* 
intersected. The elevation of the village of Tangno is eiven at on1.v 
4300 feet, while that of the plateau surrounding the sacrea lake of Mi< 
nasa is 17,000 feet. Captain Gerazd finds the snow-line 500 feet lowc i 
on the northern slopes, where the chain of the Himalaya is broke i 
dirough, than towai^ the southern declivities facing Hindustan, and bt 
Uiere estimates the line of perpetual snow at 15,000 feet The moi • 
striking differences are presented between the vegetation on the Thil 
etian plateau and that characteristic of the southern slopes ot the Hin 
ilaya. On the latter the cultivation of grain is arrested at 9974 feei 
<ind even there the com has often to be cut when the blades are sti.i 
green. The extreme limit of forests of tali oaks and deodars is 11,960 
feet ; that of dwarf birches, 12,983 feet. On the plains. Captain Gerard 
found pastures up to the height of 17,000 feet; the cereals will grow {.t 
14,100 feet, or even at 18,540 feet; birches with taU stems at 14,100^ 
feet, and copse or brush wood applicable for fuel is found at an elevti ' 
tion of upward of 17,000 feet, that ia to say, 1280 feet above the lowei 
iimiti of the ■now4iiie at the equator, m the province of Quito. It it 
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But the countries bordering on the equator poasess anoihe? 
advantage, to which sufBcient attention has not hitherto be^i 

very desirable that the mean elevation of the Thibetian plateau, which 
[ have estimated at only about 8200 feet between the Himalaya and 
the Kuen-lan, and the difference in the height of the line of perpetual 
snow on the aoathem and on the northern slopes of the Himalam should 
be again investigated by travelers who are accustomed to judge of the 
general conformation of the land. Hitherto simple calculations have too 
often been confounded with actual measurements, and the elevations 
of isolated summits with that of the surrounding plateau. (Compare 
Carl Zimmerman's excellent Hypsometrical Bemarics in his Oeogrtrpk- 
i9ch€n Analyte der Karte von Inner Asien, 1841, s. 98.) Lord draws 
attention to the dif^rence presented by the two faces of the Himalaya 
and those of the Alpine chain of Hindoo-Coosh, with respect to the 
limits of the snow-line. ** The latter chain," he says, ** has the table* 
lemd to the south, in consequence of which the snowline is higher on 
the southern- side, contrary to what we find to be the case with respect 
to the Himalaya, which is bounded on the soitth by sheltered plains, 
as Hindoo-Ooosh is on the north.*' It must, however, be admitted that 
the hypsometric^ data on which these statements are based require a 
critical revision with regard to several of their details ; bat still thet^ 
suffice to establish the main fact, that the remarkable configuration of 
the laud in Central Asia affords nmn all that is essential to the mainte- 
nance of life, as habitation, food, and fuel, at an elevation above the 
level of the sea which in almost all other parts of the globe is covered 
with perpetual ice. We must except the very dry districts of Bolivia, 
where snow is so rarely met with, and where Pentland (in 1838) fixed 
the snow-line at 15,667 feet, between IBP and 17P south latitude. The 
opinion that I had advanced regarding the difference in the snow-line 
on the two faces of the Himalaya has been most fully confirmed by the 
barometrical observations of Victor Jacquemont, who fell an early sac- 
rifice to his noble and unwearied ardor. (See his Correapondanet 
pendant son Voyage dans Vhtdej 1828 a 1832, liv. 23, p. 290, 296, 299.) 
" Perpetual snow," says Jacquemont, ** descends lower on the southern 
than on the northern slopes of the Himalaya, and the limit constantly 
rises as we advance to the north of the chain bordering on India. Oit 
the Kioubrong, about 18,317 feet in elevation, according to Captain 
Gerard, I was still considerably below the limit of perpetual snow, 
which I beliove to be 19,690 feet in this part of Hindostan." (Tliis 
estimate I consider much too high.) 

The same traveler says, " To whatever height we rise on the souths 
oru declivity of the Himalaya, the climate retains the same character, 
and the same division of the seasons as in the plains of India ; the sam- 
mer solstice being every year marked by the same prevalence of rain, 
which continues to fall without intermission until the autumnal equi- 
nox. But a new, a totally different climato begins at Kashmir, whose 
elevation I estimate to be 5350 feet, nearly equ^ to that of the cities 
of Mexico and Popayan" {Correspond, de Jacqnemonty t. ii., p. 58 et 74). 
The warm and humid air of the sea, as Leonid von Booh well observes, 
is carried by the monsoons across the plams of India to the skirts of 
the Himalaya, which arrest its course, and hinder it fiiom diver^g to 
the Thibetian districts of Ladak and Lassa. Carl von HOgel estimates 
the elevation of the Valley of Kashmir above the level of the sea at 
5818 feet, and bases his obsenFation on the determination of tiie boiling 
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directed. This portum of the nifaee of the gkbe aifiiids in 
the smallest space the greatest possible ▼arietj e^ imfnwsuons 
finom the contemplation of nature. Among the colossal mount- 
ains of Cundinamaica, of QuitOy and of Pern, furroived by 
deep raYines, mania enabled to contemplate alike all the &m* 
iliea of plants, and all the stars of the finnament. Theie, at 
a single glance, the eye surveys majestic palms^ humid fbmts 
of bambusa, and the varied i^)ecie8 of MusaoesB, while above 
these fcnrms of tn^al vegetation appear oaks, mediars, the 
sweet-brier, uid umbelliferous plants, as in our Eun^an 
homes, lliere, as the traveler turns his eyes to the vault of 
heaven, a single glance embrace/^ the consteUation of the South-^^ 
eaai Cross, the Magellanic clouds, and the guiding stars cyf the 
constellation of the Bear, as they circle roond the arctic pole. 
There the depths of the earth and the vaults of heaven dis* 
play all the richness of their Ibrms and the variety of their 
ph^iomena. There the difierent climates are ranged the one 
above the other, stage by stage, like the vege^ble aonee, whose 
snccesnon they limit ; and there the observer may readily 
trace the lavra that regulate the diminuti<m of heat, as they 
stand indelibly inscribed on the rocky walls and abrupt decliv- 
ities of the Cordilleras. 

Not to weary the reader witii the details of the phenomesa 
which I long since endeavored graf^iically to represent,* I 
will here limit myself to the consideration of a few of the gen* 
eral results whose combination constitutes the j^siad ddine- 
caam of the torrid zone. That which, m the vagueness of our 

.paiat of water (see tbeil 11, s. 1S5, vad.Jaumat of Oeog^. S^e., vol. ri., 
p. 215)» In thu Ti^ley, wbere the atmoephere is scareely ever abla- 
ted by storms, and in 34^ 7' lat., snow is ibaod^ several wet in thick- 
ness, from December to March. 

* See, generally, my Essai sur la Oiographie des Plantes, et le Ta- 
hUau physique de* Rigum$ Equinoanalea, 1807, p. 80-88. 6u the diar^ 
nal and noctnroal variations of temperature, see Plate 9 ol* my AtUm 
Giogr. et Phys. du Nouveau Continent; and the Tables in my work» 
entiued De distributione Geographica Plantarumj secundum casli tempt' 
riemt et aUitudinem Montium^ 1817, p. 90-116 ; the meteorological por- 
tion of my Asie CmtraHej t. iii./ p. 212, 224; and, fiaaUy, the more 
recent and far more exact exposition of the variations of temperature 
experienced in correspondence with the increase of altitude on tbe chmn 
of the Andes, given in Bonssiogault's Memoir, Sur la profondeur a la- 
quelle on irouver '<>«« les Tropiqttes, la eouche de Temperature Invaria- 
ble, (Ann. de Chimie et de Pbysiqne, 1833, t. liii., p. 225-247.) This 
treatise contains the elevations of 128 points, included between the 
level of the sea and the declivity of the Antisana (17,900 feet), as well 
as the mean temperature of the atmosphere, which varies with the 
height between 81<^ and 35^ F. 

B2 
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impiresBions, loses all distinctaess of fonn, liko some distant 
mountain shroaded from view by a vail of mist, is clearly re- 
vealed by the light of mind, which, by its scrutiny into the 
causes of phenom^ia, learns to resolve and analyze their dif- 
ferent elem^its, asetigning to each ita individual character. 
Thus, in the n>here of natural investigation, as in poetry and 
painting, the delineation of that which appeals most strong- 
ly to the imagination, derives its collective interest firom the 
vivid truthfulness with which the individual i^aturea a^e por- 
trayed. 

The regions of the torrid zone not only give rise to tl^ 
most powerful impressions by theic organic richness and f heir 
abundant fertility, but they likewise affari the inestimable 
advantage of revealing to man, by the unifoimity of the vari- 
ations of the atmosphere and the development of vital forces, 
and by the contrasts of climate and vegetation exhibited at 
difierent elevations, the invariability of the laws that regulate 
the course of the heavenly bodies, reflected, as it were, in ter* 
restrial phenomena. Let us dwell, then, for a few momenta, 
on the proofs of this regularity, which is such that it may be 
submitted to numerical calculation and computation. 

In the burning plains that rise but little above the level of 
the sea, reign the families of the banana, the cycas, and the 
palm, of which the number of species comprised in the flora 
of tropical regions has been so wonderfully increased in the 
present day by the zeal of botanical travelers. To these 
groups succeed, in the Alpine valleys, and the humid and 
shaded clefls on the slopes of the Cordillwas, the tree-ferns, 
whose thick cylindrical trunks and deHcate lace-like foliage, 
stand out in bold relief against the azure of the sky, and the 
cinchona, from which we derive the febrifuge bark. The 
medicinal strength of this bark is said to increase in propor- 
tion to the degree of moisture imparted to the foliage of the 
tree by the light mists which form the upper surface of the 
clouds resting over the plains. Every where around, the con- 
flnes of the forest are encircled by broad bands of social plants, 
as the delicate aralia, the thibaudia, and the myrtle-leaved 
Andromeda, while the Alpine rose, the magnificent befaria, 
weaves a purple girdle round the spiry peaks. In the cold 
regions of the Paramos, which is continually exposed to the 
fury of storms and winds, we find that flowering shrubs and 
herbaceous plants, bearing large and variegated blossoms, 
h^Te given place to monocotyledons, whose slender spikes con- 
■t'^ute the sole covering of llie soil. This is the zone of the 
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glasses, one vast savaituah extending over tbe immenfle mount- 
ain plateaux, and reflecting a yeUow, almost golden tinge, tc 
the slopes of the Cordilleras, on which graze the lama and the 
cattle domesticated by the European oolonist. Where the 
naked trachyte rock pierces the grassy turf, and penetrates into 
those higher strata of air which are supposed to be less charged 
with carbonic acid, we meet only with plants of an inferior or- 
ganization, as lichens, lecideas, and the brightly-colored, dust- 
like lepraria, scattered around in circular patches. Islets of 
fresh-fallen snow, varying in form and extent, arrest the last 
feeble traces of vegetable development, and to these succeeds 
the regioa of perpetual snow, whose elevation undergoes but 
little change, and may be easily determined. It is but rarely 
that the elastic forces at work within the interior of our globe 
have succeeded in breaking through the spiral domes, which» 
resplendent in the brightness of eternal snow, crown the sum- 
mits of the Cordilleras ; and even where these subterranean 
forces have opened a permanent conununication with the at- 
mosphere) through circular craters or long Assures, they rarel) 
send forth currents of lava, but merely eject ignited scoria, 
steam, sulphureted hydrogen gas, and jets of carbonic acid. 

In the earliest stages of civilization, the grand and imposing 
spectacle presented to the minds of the inhabitants of the trop- 
ics could only awaken feelings of astonishment and awe. It 
might, perhaps, be supposed, as we have already said, that the 
periodical return of the same phenomena, and the uniform man- 
ner in which they arrange themselves in successive groups, 
would have enabled man more readily to attain to a knowl- 
edge of the laws of nature ; but, as far as tradition and history 
guide us, we do not find that any application was made of the 
advantages presented by these favored regions. Recent re- 
searches have rendered it very doubtful whether the primitive > 
seat of Hindoo civilization*— one of the most remarkable phases 
in the progress of mankind — was actually within the tropics 
Airyana Vaedjo, the ancient cradle of the Zend, was situatec 
to the northwest of the upper Indus, and after the great re 
ligious schism, that is to say, after the separation of the Ira 
uians from the Brahminical institution, the language that hat 
previously been common to them and to the Hindoos assume* 
amcHig the latter people (together with the literature, habit* 
and condition of society) an individual form in the Magodha oi 
Madhya Desa,* a district that is bounded by the great chaii. 

* See, on the Madl^jad^^B, properly -eo called, Lassen's exceilei 
work, eutitled Indische Alterthuvukunde, bd. i,, s. 92. The Chine^r 
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of HimaUya and the smaller range of the Yindhya. In less^ 
ancient times the Sanscrit language and civilization advanced 
toward the southeast, penetrating farther witlun the torrid zone, 
as my brother Wilhelm von Humboldt has shoinha in his great 
work on the Kavi and other languages of analogous structure.* 

Notwithstanding the obstacles opposed in northern latitudes 
to the discovery of the laws of nature, owing to the excessive 
complication of phenomena, and the perpetual local variations 
that, in these climates, afiect the movements of the atmosphere 
and the distribution of organic forms, it is to the inhabitants 
of a small section of the temperate zone that the rest of man- 
kind owe the earliest revelation of an intimate and rational 
acquaintance with the forces governing the physical world. 
Moreover, it is from the same zone (which is apparently more 
favorable to the progress of reason, the softening of manners, 
and the security of public liberty) that the germs of civiliza- 
tion have been carried to the regions of the tropics, as much 
by the migratory movement of races as by the establishment 
of colonies, differing widely in their institution from those of 
the PhoBniciana or Greeks. 

In speaking of the influence exercised by the succession of 
ph^iomena on the greater or lesser facility of recognizing the 
causes producing them, I have touched upon that important 
Btage of our communion with the external world, when the en- 
joyment arising from a knowledge of the laws, and the mutuid 
connection of phenomena, associates itself with the charm of 
a simple contemplation of nature. That which for a long 
time remains merely an object of -^ague intuition, by degrees 
acquires the certainty of positive truth ; and man, as an im- 
mortal poet haa said, in our own tongue — Amid ceaseless 
change seeks the unchanging pole.f 

In order to trace to its primitive source the enjoyment de- 
rived j&om the exercise of thought, it is sufficient to cast a 
mpid glance on the earliest dawnings of the philosophy of na- 
ture, or of the ancient doctrine of the Cosmos, We find even 

give the name of Mo-kie-thi to the southeni Bahar, sHnated to the 
south of the Ganges (see Foe-Koue-Ki, by Chy-Fa-Hian, 1836, p. 256 V 
Djambu-dwipa is the name given to the whole of India ; but the woraa 
also indicate one of the four Buddhist continents. 

* Ueber die Katn Sprache auf der Insel Java, nebst einer Einleitnng 
Aber die Verschiedenkeit dee meneehliehen 8pra%jhbaue8 und ikren Ein 
fiuee auf die eeieHge ErUtnekelung dfit Afenachenge9chlecht*8, vou Wil 
helm V. Humboldt, 1836, bd. i., s. 5-510. 

t This verse occurs in a poem of Schiller, pntitlcdi per Spazier gang 
which first appeared in 1795, in the Horei^ 
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imong the most savage nations (as my own travela enable ma 
to attest) a certain vague» terror-stricken sense of the all-pow- 
erfiil unity of natural forces, and of the existence of an invisi- 
ble, spiritual essence manifested in these fi>rce8, whether in 
unfolding the flower and maturing the fruit of the nutrient 
tree, in upheaving the soil of the forest, or in rending the clouds 
with the might of the storm. We may here trace the revela- 
tion of a Ixmd of union, linking together the visible world and 
that higher spiritual world which escapes the gra^ of the 
senses. The two become unoonscioui^y bl^aded together, de- 
veloping in the mind of man, as a simple product of ideal con- 
ception, and independently of the aid of observation, the first 
germ of a Philosophy ofNatwre. 

Among nations least advanced in civilization, the imagina- 
tion revels in strange and fantastic creations, and, by its pre- 
dilection for symbols, alike inflnenees ideas.and language. In- 
stead of examining, men are led to conjecture, dogmatize, and 
interpret supposed facts that have neyer been observed. The 
inner world of thought and of feeling does not reflect the image 
of the external world in its primitive purity. That which in 
some regions of the earth manifested itself as the rudiments 
of natural philosophy, only to a small number of persons en- 
dowed with superior intelligence, appears in other regions, and 
among entire races of men, to be the result of mystic tenden- 
cies and instinctive intuitions. An intimate communion with 
nature, and the vivid and deep emotions thus awakened, are 
likewise the source from which have sprung the first impuls^^ 
toward the worship and deification of '^ the destroying and pre- 
serving forces of the universe. But by degrees, as man, after 
having passed through thb diflerent gradations of intellectual 
development, arrives at the free enjoyment of the regulating- 
power of reflection, and learns by gradual progress, as it were, 
to separate the world of ideas from that of sensations, he no 
longer rests satisfied merely with a vague presentiment of the 
harmonious unity of natural forces ; thought begins to fulfill 
its noble mission ; and observation, aided by reason, endeav- 
ors to trace phenomena to the causes firom which they spring 

The history of science teaches lis the difi[iculties that have 
opposed the progress of this active spirit of inquiry. Inaccu- 
rate and imperfect observations have led, by fiilse inductions, 
to the great number of physical views that have been perpet- 
uated as popular prej udices among all classes of society. Thus 
by the side of a solid and scientific knowledge of natural phe- 
nomena there has been preserved a system of the pretended 
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resultB of obaervfttioii, whick k so much the more difficult to 
«hake, as it denies the validity of the facts by which it may 
be refuted. This empiricism, the melancholy heritage trans- 
mitted to us from former times, invariably contends for the. 
truth of its axioms with the arrogance of a narrow-minded 
spirit Physical philosophy, on the other hand, when based 
upon science, doubts because it seeks to investigate, distin- 
guishes between that which is certain and that which is mere- 
ly probablcx and strives incessantly to perfect theory by ex- 
tending the circle of observation. 

This assemblage of impeifect dogmas, bequeathed by one 
age to another — ^this physical philosophy, wluch is composed 
of popular prejudices — ^is not only injurious becauseit perpet- 
uates error with the obstinacy engendered by the evidence of 
ill-observed facts, but also because it hinders the mind from 
attaining to higher viewis of nature. Instead of seeking to 
discover the mean or mediv/m ysinit around which oscillate, 
in apparent independence of forces, all the phenomena of the 
external world, this system delights in multiplying exceptions 
to the law, and seeks, amid phenomena and in organic forms, 
for something beyond the marvel of a regular succession, and 
an internal and progressive development. Ever inclined to 
beheve that the order of nature is disturbed, it refuses to rec 
ognize in the present any analogy with the past, and, guided 
by its own varying hypotheses, seeks at hazard, either in the 
interior of the globe or in the regions of space, for the cause 
of these pretended perturbations. 

It is the special object of the present work to combat those 
errors which derive their source from a vicious empiricism and 
from imperfect inductions. The higher enjoyments yielded by 
the study of nature depend upon the correctness and the depth 
of our views, and upon the extent of the subjecta that may be 
comprehended in a single glance. Increased mental cultiva- 
tion has given rise, in all classes of society, to an increased de- 
sire of embellishing life by augmenting the mass of ideas, and 
by multiplying means for their generalization ; and this sen- 
timent fully refutes the vague accusations advanced against 
the age in which we live, showing that other interests, be- ^ 
sides the material wants of hfe, occupy the minds of men. 

It is almost with reluctance that I am about to speak of a 
sentiment, which appears to arise from narrow^-minded views, 
or from a certain^ weak and morbid sentimentality — I allude^ . 
to the year Aitertained by some persons, that nature may by 
lose a portion of the charm and magic of her jwwer. 
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td we learn moie and more how to nnvail her seoiets, oom- 
prehend the mechanism of the movements of the heavenly 
todies, and estimate numerically the intensity of natnral forces. 
It is true that, properly speaking, the farces of nature can only 
exercise a magical power over us as long as their action is 
ihrouded in mystery and darkness, and does not admit of be- 
mg classed among the conditions -with which experience has 
made us acquainted. The efiect of such a power is, there- 
fore, to excite the imagination, but that, assuredly, is not the 
faculty of mind we would evoke to preside over the laborious 
and elaborate observations by which we strive to attain to a 
knowledge of the greatness and excellence of the laws of the 
universe. 

The astronomer who, by the aid of the heliometer or a 
double-refracting prism,* determines the diameter of planetary 
bodies ; who measures patiently, year after year, the meridian 
altitude and the relative distances of stars, or who seeks a tel 
escopic comet in a group of nebulsd, does not feel his imagina- 
tion more excited — and this is the very guarantee of the pre- 
cision (^ his labors — ^than the i)otani8t who coiuits the divi- 
sions of the calyx, or the number of stamens in a flower, or ex- 
amines the connected or the separate teeth of the peristoma 
surrounding the capsule of a moss. Yet the multiplied an- 
gular measurements on the one hand, and the detail of organic 
relations on the other, alike aid in preparing the way fcr the 
attainment of higher views of the laws of the universe. 

We must not confound the disposition of mind in the ob- 
server at the time he is pursuing his labors, with the ulterior 
greatness of the views resulting from investigation and the 
exercise of thought. The physical philosopher measures with 
admirable sag{icity the waves of light of unequal length which 
by interference mutually strengthen or destroy each other, 
even with respect to their chemical actions ; the astronomer, 
armed with pow^ul telescopes, penetrates the regions of 
Bpace, contemplates, on the extremest confines of our solar 
system, the satellites of Uranus, or decomposes faintly spark* ■ 
Img points into double stars differing in color. The botaiust 
discovers the constancy of the gyratory motion of the chara in 
the greater number of vegetable cells, and recognizes in the 
genera and natural families of plants the intimate relations 
of organic forms. The vault of heaven, studded with nebu- 

* Arago's ocular micrometer, a happy improvemeat itpon Bochou't 
prismatic or double-refraction micrometer. See M. Mathieu's note iv 
Mlambre's HuUnr4 de VAwtronomie au dix-kuUiime Siiele, 1827. 
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lu and stars, and ^ne rick vegetable maatle that coven the 
soil in the climate of pakns, can not surely fail to produce on 
the minds of these laborious observers of nature an impression 
more imposing and more worthy of the majesty of creation 
than on those who are unaccustomed to investigate the great 
« mutual relations of phenomena. I can not, therefore, agree 
with *Burke when he says, '' it is our ignorance of natural 
things that causes all our admiration, and chiefly excntes our 
passions." 

While the illusion of the senses would make the stars sta* 
tionary in the vault of heaven, Astronomy, by her aspiring la^ 
bors, has assignecTindefinite bounds to space ; and if she have 
set limits to the great nebula to which our solar system be- 
longs, it has only been to show us in those remote regions of 
space, which appear to expand in proportion to the increase 
of our optic powers, islet on islet of scattered nebulsB. The 
feeling of the sublime, so far as it arises from a contemplation 
of the distance of the stars, of their greatness and {diysical ex- 
t&Oitj reflects itself in the feeling of the infinite, which belongs 
to another sphere of ideas included in the domain of mind. 
The solemn and imposing impressions excited by this senti* 
ment are owing^ to the combination of which we have spoken, 
and to the analogous character of the enjoyment and emotions 
awakened in us, whether we float on the surface of the great 
deep, stand on some lonely mountain summit enveloped in thn 
half-transparent vapory vail of the atmosphere, or by the aid 
of powerful optical instruments scan the regions of space, and 
see the remote nebulous mass resolve itself into wchtIos of stars. 

The mexe accumulation of unconnected obseivatitMis of de- 
tails, devoid of generalization of ideas, may doubtlessly have 
tended to create and foster the deeply-rooted prejudice, that 
. the study of the gxacI sciences must necessazily chill the feel- 
ings, and diminish the nobler enjoymients attendant upon a 
oontemj^ation of nature. Those who still cherish such em> 
neous views in the present age, and amid the progress of pub- 
lic opinion, and the advancement of all branches afknowiedge^ 
fail in duly appreciating the value of every enlargement of the 
sphere of intellect, and the importance of the detail of isolated 
facts in leading us on to general results. The fear of sacri* 
ficiog the &ee enjoyment of nature, under the influence of sci- 
entific reasoning, is often associated with an apprehension 
that every mind may not be capable of grasping the truths 
of the philosophy of nature. It is certainly true that in the 
midst of the universal fluctuajtion of phenomena and vital 
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fiirees — m that inextricable net-work of organisms by tams 
developed and destroyed— each step that we make in the 
more intimate knowledge of nature leads us to the entrance 
of new labyrinths ; but the excitement produced by a presenti- 
ment of duscoTery, the vague intuition of the mysteries to be 
unfolded, and the multiplicity of the paths before us, all tend 
to stimulate the exercise of thought in every stage of knowl- 
edge.' The discovery of each separate law of nature leiCds to 
the establifdmient of some other more general law, or at least 
indicates to the iateUigent observer its existence; Nature, as 
a celebrated physiologist*' has defined it, and as the word waa 
iateipreted by the Greeks and Romans, is " that which is evei 
growing and ever unfolding itself in new forms.** 

The series of organic types becomes extended or perfocted 
in proportion as hitherto unknown regions are laid open to our 
view by the labors and researches of travelers and observers ; 
a^ living oi^niraas are compared with those which have dis- 
appeared in the great revolutions of our planet ; and as micro* 
scopes are made more perfect, and are xiTore extensively and 
efficiently employed. *In the midst of this immense variety, 
and this periodic transformation of animal and vegetable pro- 
ductions, we see incessantly revealed the primordial mystery 
of all organic development, that same great problem of meta- 
morjf^ums which Gbthe has treated with more than common 
sagacity, and to the solution of which man is urged by his 
desire of reducing vital forms to the smallest number of fun- 
damental types. . As men contemplate the riches of nature, 
and see the mass of observations incessantly increasing be- 
fore them, they become impressed with the intimate convic- 
tion that the surface and the interior of the earth, the depths 
of the ocean, and the regions of air will still, when thousands 
and thousands of years have passed away, open to the scien- 
tific observer untrodden paths of discovery. The regret of 
Alexander can not be applied to the progress of observation 
and intelligenee.f General considerations, whether they treat 
of the agglomeration of matter in the heavenly bodies, or of 
the geographical distribution of terrestrial organisms, are not 
only in themselves more attractive than special studies, but 
they also ai^rd superior advantages to those who are unabl# 
to devote much time to occupations of this nature. The dif- 
ferent branches of the study of natural history are only accessi* 
Us in certain positions of social life, and do not, at every sear 

• Carus, Vofi den Vrtheilen des Knochen und Schalen QerHiateaj 182^ 
J ft t Pint., m Vila Alex, Magni, cap. 7 
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son and in every climate, present like enjoyments. Thus, in 
the dreary regions of the north, man is deprived for a long 
period of the year of the spectacle presented by the activity 
of the productive forces of organic nature ; and if the mind 
be directed to one sole class of objects, the most animated 
narratives of voyages in distant lands will fail to interest and 
attract n% if they do not touch upon the subjects to which 
we are most partial. 

As the history of nations — if it were always able to trace 
events to their true causes — ^might solve the evw-recarrittg 
enigma of the oscillations experienced by the alternately pro* 
gressive and retrograde movement of himian society, so might 
also the physical description of the world, the science of the 
Cosmos, if it were grasped by a powerful intellect, and based 
upon a knowledge of all the results of discovery up to a giv- 
en period, succeed in dispelling a portion of the contradictions 
which, at first sight, appear to arise from the complication ^02 
phenomena and the multitude of the perturbatums simjdtane- 
ously manifested. * 

The knowledge of the laws of nature, whether we can 
trace them in the alternate ebb and flow of the ocean, in the 
measured path of comets, or in the mutual attractions of mul-* 
tiple stars, alike increases our sense of the calm of nature, 
while the chimera so long cherished by the human mind in 
its early and intuitive contemplations, the behd* in a " disced 
of the elements," seems gradually to vanish in proportion as 
science extends her empire. G^ieral views lead us habitiH 
ally to consider each organism as a part of the entire creation, 
and to recognize in the plant or the animal not merely an 
isolated species, but a form linked in the chain of being to 
other forms either living or extinct. They aid us in compre- 
hending the relations that exist between the most recent dia 
ooveries and those which have prepared the way lor them« 
Although fixed to one point of space, we eagerly* grasp at a 
knowledge of that which has been observed in dji&rent and 
far-distant regions. We delight in tracking the course of the 
bold mariner through seas of polar ice, or in following him to 
the summit of that volcano of the antarctic pole, whose firet 
may be seen from afar, even at mid-day. It is by an ao- 
quaintance with the results of distant voyages that we may 
learn to comprehend some of the marvels of terrestrial mag* 
netism, and be thus led to appreciate the importance of the 
establishments of the numerous observatories which in the 
present day cover both hemispheres, and are designed to note 
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tfi» amultaneoQs occurr^iee of perturliationB, and ibe fireqnen* 
cy and daration of magnetic storms. 

Let me be permitted here to touch upon a lew points con- 
nected with discoveries, whose importance can only be esti* 
mated* by those who have devoted themselves to the study 
of the physical sciences generally. Examples chosen from 
among the phen(«nena to which special attention has been 
directed in recent times, will throw additional light upon the 
preceding considerations. Without a preliminary knowledge 
of the orbits of comets, we should be unable duly to appro- 
date the importance attached to the discovery of one of these 
bodies, whose elliptical orbit is included in the narrow limits 
of our solar system, and which has revealed the existence of 
an etlfereal fluid, tending to diminish its centrifugal force and 
the period of its revolution. 

The superficial half-knowledge, so characteristic of the 
present day, which leads to the introduction of vaguely com- 
prehended scientific views into general conversation, also gives 
rise, under various forms, to the expression of alarm at the 
supposed danger of a collision between the celestial bodies, or 
of disturbance in the climatic relations of our globe. These 
phantoms of .the imagination are so much the more injurious 
as they derive their source from dogmatic pretensions to true 
science. The history of the atmosphere, and of the annual 
variations of its temperature, extends already sufficiently fiur 
back to show the recurrence of slight disturbances in the 
mean temperature of any given place, and thus affords suffi- 
cient guarantee against the exaggerated apprehension of a 
general and progressive deterioration of the climates of Eu- 
rope. Encke'sv comet, which is one of the .three interior 
comets^ completes its course in 1200 days, but from the form 
and position of its orbit it is as little dangerous to the earth 
as Halley's grOat comet, whose revolution is not completed in 
less than seventy'six years (and which appeared less brilliant 
in 1835 than it had done in 1759) : the interior comet of 
Biela intersects the earth's orbit, it is tone, but it can only 
approach our globe when its proximity to the sun coincides 
with our winter solstice. 

The quantity of heat received by a planet, and whose un- 
equal distribution determines the meteorologies variations 
of its atmosphere, depends ahke upon the light-engendering 
force of the sun ; that is to say, upon the condition of its 
gaseous coverings, and upon the relative position of the planet 
and the central body. 
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^*here are^varitttions, it is trae, wfaichi in obedienee to the 
laws of universal gravitation, afiect the form of the earth's or- 
bit and the inclination of the ecliptic, that is, the angle which 
the axis of the earth makes with the plane of its orbit ; but 
these periodical Tariations are so slow, and are restricted»with* 
in such narrow limits, that their thermic efibcts would hardly 
be appreciable by our instruments in many thousands of years. 
The astronomical causes of a refrigeration of our globe, and 
/of the diminution of moisture at its surface, and the nature 
and frequency of certain epidemics — phenomena which are 
oflen discussed in the present day according to the benighted 
views of the Middle Ages— -ought to be considered as beyond 
the range of our experioioe in physics and chemistry. 

Physical astronomy presents us with other phenomena, 
which can not be fully comprehended in/ all their vastness 
without a previous acquirement of general views regarding 
the forces that govern the universe. Such, fi>r instance, are 
the innumerable double stars, or rather suns, which revolve 
round one common center of gravity, and thus reveal in dis- 
tant worlds the existence .of the Newtonian law ; the larger 
or smaller number of spots upon the sun, that is to say,^ the 
openings formed through the luminous and opaque atmosphere 
surrounding the solid nucleus ; and the regukr appearance, 
about the 13th of November and the 11th of August, of shoot- 
ing stars, which probably form part of a belt of asteroids, in- 
tersecting l^e eiurth's orbit, and moving with planetary ve* 
locity. 

Descending from the celestial regions to the earth, we 
would fain inquire into the relations that exist between the 
oscillations of the pendulum in air (the theory of which has 
been perfected by Bessel) and the density of our planet ; and 
how the pendulum, acting the part of a plummet, can, to a> 
certain extent, throw light upon the geological constitution 
of strata at great depths 1 By means of this infitrummat we 
are enabled to trace the striking analogy which exists be- 
tween the formation of the granular rocks composing the 
lava currents ejected from active volcanoes, and those endog^ 
enous misses of granite, porphyry, and serpentine, which, is* 
suing from the interior of the earth, have broken, as erup- 
tive rocks, through the secondary strata, and modified them 
by contact, either in rendering them harder by the introduc- 
tion of silex, or reducing them into dolomite, or, finally, by 
inducing within them the formation of crystals of the most . 
varied composition. The elevation of sporadic islands, of 
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iomes of trachyte, and c<»ies of basaltt I^ the elastic forces 
emanating from the fluid interior of our globe, has led one 
of the first geologists of the age, Leopold von Buoh, to the 
theory of the elevation of continents, and of mountain chains 
generally. This action of subterranean forces in breaking 
thmugh and elevating strata of sedimentary rocks, of -which 
the coast of Chili, in consequence of a great earthquake, fur* 
nished a recent example, leads to the assumption that the 
pelagic shells found by M. Bonpland and myself on the ridge 
of the Andes, at an elevation of more than 15,000 English 
fbet, may have been conveyed to so extraordinary a position, 
not by a rising of the ocean, but by the agency of volcanic 
forces capable of elevating into ridges the soflened crust of 
the e^irth. 

I apply the term volcanic, in the widest sense of the word, 
to every action exercised by the interior of a planet on its 
external crust. ^ The surface of our globe, and that of the 
moon, manliest trasces of this action, which in the former, at 
least, has varied during the course of ages. Those who are 
ignorant of tho fact that the internal heat of the earth in- 
creases so rapidly with the increase of depth that granite is 
m a^ state of fusion about twenty or thirty geographical miles 
below the surface,* can not have a dear conception of the 
causes, and the simultaneous occurrence of volcanic eruptions 
at places widely removed from one another, or of the extent 
and intersection of circles of commotion in earthquakes, or of 
the uniformity of temperature, and equality of chemical com- 
portion observed in thermal springs during a long course of 
years. . The quantity of heat peculiar to a planet is, however, 
a matter of such importance — ^being the result of its primitive 
Condensation, and varying according to the nature and dura- 
tion of the radiation — that the study of this subject may 
throw some degree of light on the history of the atmosphere, 
and the distribution of the organic bodies imbedded in the 
solid crust of the earth. This study enables us to understand 
how a tropical temperature, independent of latitude (that is, 
of the distance from the pedes), may have been produced by 
deep fissures remaining open, and exhaling heat from the in- 

* The determinations nsoally given of the point of fusion are in 
general much too high for refracting substances. According to the very 
accurate researches of Mitscherlich, the melting point of granite can 
hardly exceed 2372^ F. 

[Dr. Mantell states in The Wondcis of Oeologu, 1848, vol. i., p. 34, 
that this increase of temperature amounts to 1^ of Fahrenheit for every 
^fty-four feet of vertical depth ."]— T??. 
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tenor of the globe, at a period when the earth's crust wkj» 
still furrpwed and rent, and only in a state of semi-solidifica- 
tion ; and a primordial condition is thus revealed to us, in 
which the temperature of the atmosphere, and climates gen- 
erally, were owing rather to a liberation of caloric and of dif- 
ferent gaseous emanations (that is- to say, rather to the ener- 
getic reaction of the interior on the exterior) than to the posi- 
tion of the earth with respect to the central body, the sun. 

The cold regions of the earth contain, deposited in sedi- 
mentary strata, the products of tropical climates ; thus, in 
the coal formations, we find the trunks of palms standing up- 
right amid conifers, tree ferns, goniatites, and fishes! having 
rhomboidal osseous scales;* in the Jura limestone, colossal 
skeletons of crocodiles, plesiosauri, planulites, and stems of the 
cycadesB ; in the chalk formations, small polythalamia and 
bryozoa, .whose species still exist in our seas ; in tripoli, or 
polishing slate, in the semi-opal and the farina-like opal or 
mountain tneal, agglomerations of siliceous infusoria, whidi 
have been brought to light by the powerful microscope of 
Ehrenberg;t and, lastly, in transported soils, and in certain 
caves, the bones of elephants, hyenas, and lions. An intimate 
acquaintance with the physical phenomena of the universe 
leads us to regard the products of warm latitudes that are 
thus found in a fossil condition in northern regions not merely 
as incentives to barren curiosity, but as subjects awakening 
deep reflection, and opening new sources of Study. 

The number and the variety of th'e objects I have alluded 
to give rise to the question whether general considerations of 
physical phenomena can be made sufficiently clear to persons 
who have not acquired a detailed and special knowledge of 

* See the classical work on the fishes of the Old World by Agassiz, 
Reek, sur les Poissons Fossilest 1834, vol. i., p. 38; vol. ii., p. 3, 28, 
34, App., p. 6. The whole genas of Amblypterus, Ag., nearly alUed 
to PaWeoniBCus ^called also Palffiothrissam), lies baried beneath the 
Jura formations m the old carboniferous strata. Scales which, in some 
fishes, as in the family of Lepidoides (order of Ganoides), are formed 
like teeth, and covered in certain parts with enamel, belong, after the 
Placoides, to the oldest forms of fossil fishes ; their living representa- 
tives are still found in two genera, the Biehir of the Nile and Senegal, 
and the Lepidoateug of the Ohio. 

t {The polishing elate of Bilin is stated by M. Ehr^nberg to form a 
series of strata fourteen feet in thickness, entirely made np of the sili- 
ceous shells of QctUlondlce, of such extreme minuteness that a cubic 
inch of the stone contains forty-one thousand millions] The Bergmekl 
{mountain meal or fossil farina) of San Fiora, in Tuscany, is one mass 
of animalcnlites. See the interesting work of G. A Manfell, On Ike 
Medals of Creation, vol. i., p. 223.]— Tr. 
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descriptive natural luBtory^ geology, or matliwnatical astion^ 
omy? I think we ought to dietinguish here between him 
whose task it is to collect the individual details of various 
observations, and study the mutual relaticns existing among 
them, and him to whom these relations are to be revealed, 
under the form of general results. The former should be ac- 
quainted with the specialities of phenomena, that he may ar^ 
rive at a graieralization of ideas as the result, at least in part, 
of his own observations, experiments, and calculations. It 
cak not be denied, that where there is an absence of positive 
knowledge of physical phenomena, the general results which 
impart so great a charm to the study of nature can not all 
he made equally clear and intelligible to the reader, hut still 
I venture to hope, that in the work which I am now prepar- 
ing on the physical laws of the universe, the greater part of 
the facts advanced can he made manifest without the neces- 
sity of appealing to fundamental views and principles. The 
picture of nature thus drawn, notwithstanding the want of 
distinctness of some of its outlines, will not be the less abb to 
enrich the intellect, enlarge the sphere of ideas, and nourish 
and vivify the imagination. 

There is, perhaps, some truth in the accusation advanced 
against many Grerman scientific works, that they lessen the 
value of general views by an accumulation of detail, and do 
not sufficiently distinguish between those great results which 
form, as it were, the beacon lights of science, and the long 
series of means by which they have been attained. This 
method of treating scientific subjects led the most illustrious 
of our poets*^ to exclaim with impatience, " The Germans 
have the art of making science inaccessible." An edifice can 
not produce a striking efiecttintil the scafiblding is removed, 
that had of necessity been used during its erection. Thus the 
uniformity of figure observed in the distribution of continental 
masses, which all terminate toward the south in a pyramidal 
form, and expand toward the north (a law that determines 
the nature of climates, the direction of currents in the ocean 
and the atmosphere, and the transition of certain types of 
tropical vegetation toward the southern temperate zone), may 
be ' clearly apprehended without any knowledge of the geo- . 
desical and astronomical operations by means- of which these 
pyramidal forms of continents have been determined. In like 
manner, phyracal geography teaches us by how many leagues 

* GrOtlie, ia Die Aphoriwmen Hber Naturvnatcnschafty bd. 1- s. 155 
< Werke kUine Atugabe, von 1833.) 



Digitized 



by Google 



IS COSM08. 

the equatorial asm exceeds the pdar axis of the globe, and 
shows us the mean equality of the flattening of the two hemi- 
spheres, without entailing on ns the necessity of giving the 
detail of the measurement of the degrees in the meridian, or 
the observations on the pendulum, which have led us to know 
that the true figure of our globe is not exactly that of a regu- 
lar ellipsoid of revolution, and that this irregularity is reflect- 
ed in the corresponding irregularity of the movements of the 
moon. 

The views of comparative geography have been specially 
enlarged by that admirable work, Erdkunde im Vefhdltmss 
zur Natur und zur Gesddckte, in which Carl Emitter so ably 
delineates the physiognomy of our globe, and shows the influ- 
ence of its external configuration on the physical phenomena 
on its surface, on the migrations, laws, and manners of nations, 
and on all the principal historical events enacted upon the face 
of the earth. 

France possesses an immortal work, L^ Exposition du Sys- 
teme du Monde, in which the author has combined the results 
of the highest astronomical and mathematical labors, and pre- 
sented them to his readers free from all processes of demon- 
stration. The structure of the heavens is here reduced to the 
simple solution of a great problem in mechanics ; yet Laplace's 
work has never yet been accused of incompleteness and want 
of profundity. 

The distinction between dissimilar subjects, and the sepa- 
ration of the general from the special, are not only conducive 
to the attainment of perspicuity in the composition of a phys- 
ical history of the universe, but are also the means by which 
a character of greater elevation may be imparted to the study 
of nature. By the suppression t>f all unnecessaiy detail, the 
great masses are better seen, and the reasoning faculty is ena- 
bled to grasp all that might otherwise escape the Hmited range 
of the senses. 

The exposition of general results has, it must be owned, been 
singularly facihtated by the happy revolution experienced since 
the close of the last century, in the condition of all the special 
frcienees, more particularly of geology, chemistry, and descrip- 
live natural history. In proportion as laws admit of more 
.general application, and as sciences mutually enrich each other, 
wd by their extension become connected together in more nu- 
merous and more intimate relations, the development of^ gen- 
eral truths may be given with conciseness devoid of superfici- 
ality. On being first examined, all phenomena appear to be 
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isolated, and it is, only by the result of a multiplicity of obser- 
vatious, combined by reason, that we are able to trace the 
mutual relations existing between them. If, however, in the 
present age, which is so strongly characterized by a brilliant 
course of scientific discoveries, we perceive a want oi connec- 
tion in the phenomena of certain sdenced, we may anticipate 
the revelation of new facts, whose importance will probably 
be commensurate with the attention directed to these branches 
of study . Expectations of this nature may be entertained with 
regard to meteorology, several parts of optics, and to radiating 
heat, and electro-magnetism, since the admirable discoveries 
of Melloni and Faraday. A fertile field is here opened to dis- 
covery, although the voltaic pile has already taught us the 
intimate connection existing between electric, magnetic, and 
chemical phenomena. Who will vulture to afiBrm that we 
have any precise khowle(^, in the present day, of that part 
of the atmosphere which is not oxygen, or that thousands of 
gaseous substances afiecting our organs may not be mixed with 
ihe nitrogen, or, finally, that we have even discovered the whole 
number of the forces which pervade the universe ? 

It is not the purpose of this essay on the physical history of 
the world to reduce all sensible phenomena to a small number 
of abstract principles, based on reason only. The physical 
history of. the universe, whose exposition I attempt to develop, 
does not pretend to rise to the perilous abstractions of a purely 
rational science of nature, and is simply a physical geography, 
combined vnth a description of the regions of space and the 
bodies occupying them. Devoid of the profoundness of a purely 
speculative philosophy, my essay on the Cosmos treats of the 
contemplation of the universe, and is based upon a rational 
empiricism, that is to say, upon the results of die facts regis- 
tered by science, and tested by the operations of the' intellect. 
It is within these limits abne that the work, which I now 
venture to undertake, appertains to the sphere of labor to 
which I have devoted myself throughout the course of my 
long scientific career. The path of inquiry is not unknown 
to me, although it may be pursued by others with greater 
success. The unity which I seek to attain in the development 
oi the great phenomena of the universe is analogous to that 
which historical composition is capable of acquiring. All 
points relating to the accidental individualities, and the essen- 
tial variations of the actual, whether in the form and arrange- 
ment of natural objects in the struggle of man against the 
elements, or of nations against nations. Art not admit of being 

Vol. I— C 
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based only on a rational foundation — ^that is to say, of beiag 
deduced from ideas alone. 

It seems to me that a like degree of empiricism attaches to 
the Description of the Universe and to Civil History ; but in 
reflecting upon physical phenomena and events, and tracing 
their causes by the process of reason, we become more and 
more convinced of the truth of the ancient doctrine, that the 
forces inherent in matter, and those which govern the moral 
world, exercise their action under the control of primordial 
necessity, and in accordance with movements occurring period- 
ically after longer or shorter intervals. 

It is this necessity, this occult but permanent connection, 
this periodical recurrence in the progressive development of 
forms, phenomena, and events, which constitute nature, obe-> 
dient to the first impulse imparted to it. Physics, as the term 
signifies, is limited to the explanation of the phenomena of the 
material world by the properties of matter. The ultimate 
object of the experimental sciences is, therefore, to discover 
laws, and to trace their progressive generalization. All that 
exceeds this goes beyond the province of the physical descrip- 
tion of the universe, and appertains to a range of higher spec- 
ulative views. » 

Emanuel Kant, one of the few philosophers who have es- 
caped the imputation of impiety, has defined with rare sagac- 
ity the hmits of physical explanations, in his celebrated essay 
On the Theory and Structure of the Heavens, published at 
Konigsberg in 1755. 

The study of a science that promises to lead us through the 
vast range of creation may be compared ta a journey in a far- 
distant land. Before we set forth, we consider, and often 
with distrust, our own strength, and that of the guide we have 
chosen. But the apprehensions which have originated in the 
abundance and tbe difficulties attached to the subjects we 
would embrace, recede from view as we remember that with 
the increase of observations in the present day there has also 
arisen a more intimate knowledge of the connection existing 
among all phenomena. It has not unirequently happened, 
that the researches made at remote distances have often and 
unexpectedly thrown light upon subjects which had long re- 
sisted the attempts made to explain them within the narrow 
limits of our own sphere of observation. Organic forms that 
had long remained isolated, both in the animal and vegetable 
kingdom, have been connected by the discovery of intermediate 
links or stages of transition. The geography of beings endow 
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fld with life attains comi^eteiiess as we see the species, genera, 
and entile families belonging to one hemisphere, reflected, as 
it were, in analogous animal and vegetable forms in the oppo> 
site hemisphere. These are, so to speak, the eqtdvcdetUs which 
mutually personate and replace one another in the great series 
of organisms. These connecting links and stages of transition 
may be traced, alternately, in a deficiency or an excess of de- 
relopment of certain parts, in the mode of junction of distinct 
organs, in the difierences in the balance of forces, or in a re- 
semblance to intermediate forms which are not permanent, 
but merely characteristic of certain phases of normal devel- 
opment. Passing from the conadeiation of beings endowed 
with life to that of inorganic bodies, we find many striking 
illustrations of the high state of advancement to which modem 
geology has attained. We thus see, according to the grand 
views of Elie de Beaumont, how chains of mountains dividing 
difierent climates and floras and difilerent races of men, xgiveal 
to us theitrdcUive age, both by the character of the sediment- 
ary strata they have uplifled, and by the directions which 
they, follow over the long fissures with which the earth's crust 
is forrow^. Relations of superposition of trach3rte and of 
syenitic porphyry, of diorite and of serpentine, -which remain 
doubtful when considered in the auriferous soil of Hungary, 
in the rich platinum districts of the Onral, and on the south- 
western declivity of the Siberian Altai', are elucidated by the 
observations that have been made on the plateaux of Mexico 
and Antioquia, and in the unhealthy ravines of Choco. The 
most important fusts on which the physical history of the 
world has been based in modem times, have not been accu- 
mulated by chance. It has at length been fully acknowledg- 
ed, and the conviction is characteristic of the age, that the 
narratives of distant travels, too long- occupied in the mere 
recital of hazardous adventures, can only be made a source of 
instraction where the traveler is acquainted with the condi- 
tbn of the science he would enlarge, and is guided by reason 
in his researches. 

It is by this tendency to generalization, which is only dan< 
gerous in its abuse, that a great portion of the physical knowl- 
edge already acquired may be niade the common property of 
all (Masses of society ; but, in order to render the instruction 
imparted by these means commensurate with the importance 
of the subject, it is desirable to deviate as widely as possible 
from the imperfect compilations designated, till the close of 
the eighteen^ century, by the inappropriate term jyf popttlw 
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knowledge, I take pleasure in penmading myself that scien* 
tific subjects may be treated of in language at once dignified, 
grave, and animated, and that those who are restricted ivith* 
in the circumscribed limits of ordinary life, and have long re- 
Inained strangers to an intimate communion with nature, 
may thus have opened to them one of the richest sources ci 
enjoyment, by which the mind is inirigorated by the acquisi- 
tion of new ideas. Communion with nature awakens within 
us perceptive faculties that had long lain dormant ; and we 
thus comprehend at a single glance the influence exercised by 
physical discoveries on the enlargement of the sphere of intel- 
lect, and perceive how a judicious application of mechanics, 
chemistry, and other sciences may be made conducive to na- 
tional prosperity. 

A more accurate knowledge of the c(»mection of physical 
phenomena will also tend to remove the prevalent error that 
all branches of natural science are not equally impoirtant in 
relation to general cultivation and industrial progress. An 
arbitrary distinction is frequently made between the various 
degrees of importance appertaining to mathematical sciences, 
to the study of organized beings, the knowledge of electro- 
magnetism, and investigations ofthe general properties of mat- 
ter in its difierent conditions of molecular aggregation ; and it 
is not uncommon presumptuously to affix a supjposed stigma 
upoii researches of this nature, by terming them " purely the- 
oretical," forgetting, although the fact has been long attested, 
that in the observation of a phenomenon, which at first sight 
appears to be wholly isolated, may be concealed the germ of a 
great discovery. . When Akysio Galvani first stimulated the 
nervous fiber by the accidental contact of two heterogeneous 
metals, his cotemporaries could never have anticipated that 
the action of the voltaic pile would discover to us, in the al- 
kalies, metals of a silvery luster, so light as to swim on wa- 
ter, and eminently inflammable ; or that it would become a 
powerful instrument of chemical analysis, and at the same 
time a thermoscope and a magnet. Wheu/Huygens first ob- 
served, in 1678, Uie phenomenon of the polarization of light, 
exhibited in the difierence between the two rays into which 
a pencil of light divides itself in passing through a doubly 
refracting crystal, it could not have been foreseen that, a 
century and a half later, the great philosopher Arago would, 
by his discovery of chromatic pdarizcUion, be led to discern, 
by means of a small firagment of Iceland spar, whether sdUur 
light emanates from a solid body or a gaseous covering, oi 
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whether comets traiinxut light directly or merely hy reflec- 
tion.* 

An equal appreciation of all branches of the mathematical, 
physical, and natural sciences is a special requirement of the 
present age, in which the material wealth and the growing 
prosperity of nations are principally based upon a more en- 
lightened employment of the products and forces of nature. 
The most superficial glance at tiie present condition of Europe 
shows that a diminution, or even a total annihilation of na- 
tional prosperity, must be the award of those states who shrink 
with slothful indiflerence from the great 'struggle of rival na- 
tions in the career of the industrial arts. It is with nations 
as with nature, which, according to a happy expression of 
Grdthe,t *' knows no pause in progress and development, and 
attaches her curse on all inaction." The propagation of an 
earnest and sound knowledge of science can therefore alone 
avert the dangers of which I have spoken. Man can not act 
upon nature, or appropriate her forces to his own use, without 
comprehending their full extent, and having an intimate ac- 
quaintance with the laws of the physical world. Bacon has 
said that, in human societies, knowledge is power. Both must 
rise and sink together. But the knowledge that results from 
the free action of thought is at once the delight and the in- 
destructible prerogative of man ; and in £)rming part of the 
wealth of mankind, it not unfrequently serves as a substitute 
for the natural riches, which are but sparingly scattered ovei 
the earth. Those states which take no active part in the 
general industrial movement, in the choice and preparation of 
natural substances, or in the application of mechanics and 
chemistry, and among whom this activity is not appreciated 
by all classes of society, will infallibly see their prosperity di- 
minish in proportion as neighboring countries become strength- 
ened and invigorated under the genial influence of arts and 
sciences. 

As in nobler spheres of thought and sentiment, in philosophy, 
poetry, and the fine arts, the object at which we aim ought to 
be an inwaid one — an ennoblement of the intellect — so ought 
we likewise, in our pursuit of science, to strive after a knowl- 
edge of the laws and the principles of unity that pervade the 
vital forces of the universe ; and it is by such a course that 

* Arago's DiBCoveries in the year 1811.— Delambre's Hittoire de 
fAMt.j p. 652. (Passage already qaoted.) 

t 64S!the, in DU Aphorismen ^ber NaturmitteMchaft. — Werkej bd. 1., 
•.4 
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physical studies may be made subsenri^it to the progress of in- 
dustry, which is a conquest of mind over matter. By a hap- 
py connection of causes and efiects, we often see the useful link- 
ed to the beautiful and the exalted. The improvement of agri- 
culture in the hands of freemen, and on properties of a mod- 
erate extent-^the flourishing state of the mechanical arts freed 
£rom the trammels of municipal restriqtions — ^the increased 
impetus imparted to commerce by the multiplied means of 
contact of nations with each other, are all brilliant results of 
the intellectual progress of mankind, and of the ameUoration 
of political institutions, in which this progress is reflected. 
The picture presented by modern history ought to convince 
those who are tardy in awakening to the truth of the lesson 
it teaches. 

Nor let it be feared that the marked predilection for the 
study of nature, and for industrial progress, which is so char- 
acteristic of the present age, should necessarily have a tenden- 
cy to retard the noble exertions of the intellect in the domains 
of philosophy, classical history, and antiquity, or to deprive 
the arts by which life is embellished of the vivifying breath of 
imagination. Where all the germs of civilization are devel- 
oped beneath the sngis of free institutions and wise legislation, 
there is no cause for apprehending that any one branch of 
knowledge should be cultivated to the prejudice of others. 
AU afford the state precious fruits, whether they yield nourish- 
ment to man and constitute his physical wealth, or whether, 
more permanent in their nature, they transmit in the works 
of mind the glory of nations to remotest posterity. The Spar- 
tans, notwithstanding their Doric austerity, prayed the gods 
to grant them " the beautiful with the good."* 

I will no longer dwell upon the considerations of the influ- 
ence exercised by the mathematical and physical sciences on 
all that appertains to the material wants of social hfe, for the 
vast extent of the course on which I am entering forbids me 
to insist further upon the utility of these applications. Ac- 
customed to distant excursions, I may, perhaps, have erred in 
describing the path before us as more smooth and pleasant 
than it really is, for such is wont to be the practice of those 
who delight in guiding others to the summits of lofty mount- 
ains : ,they praise the view even when great part of the dis- 
tant plains lie hidden by clouds, knowing that this half-trans- 
parent vapory vail imparts to the scene a certain charm from 

* Pseudo-Plato.— ^2ei6., xi., p. 184, ed. Steph. ; Plut, Instituta La- 
eonicaf p. 253, ed. Hutten. 
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the power exercised by the imagination over the domain of the 
senseB. In like manner, from the height occupied by the phys- 
ical history of the world, idl parts of the horizon will not ap- 
pear equally clear and well defined. This indistinctness will 
not, hbwever, be wholly owing to the present imperfect state 
of seme of the sciences, but in part, likewise, to the unskill- 
fulness ef the guide who has imprudently ventured to ascend 
these lofty summits. 

The object of this introductory notice is not, however, solely 
to draw attention to the importance and greatness of the phys- 
ical history of the universe, for in the present day these are too 
well understood to be contested, but hkewise to prove how, 
without detriment to the stabiUty of special'studies, we may 
be enabled to generalize our ideas by concentrating them in 
one common focus, and thus arrive at a point of view from 
which all the organisms and forces of nature may be seen as 
one living, active whole, animated by one sole impulse. " Na- 
ture," as Sohelling remarks in his poetic discourse on art, ''is 
not an inert mass ; and to him who can comprehend her vast 
sublimity, she reveals herself as the creative force of the uni- 
verse— befyre all time, eternal, ever active, she calls to life all 
things, whether perishable or imperishable." 

By uniting, under one point of view, both the jdienomena 
of our own globe and those presented in the regions of space, 
we embrace the limits of the science of the Cosmos^ and con- 
vert the physical history of the globe into the physical history 
of the universe, the one term being modeled upon that of the 
other. This science of the Cosmos is not, however, to be re- 
garded as a mere encyclopedic aggregation of the most im- 
portant and general results that have been collected together 
from special branches of knowledge. These results are noth- 
ing more than the materials fo}: a vast edifice, and their com- 
bination can not constitute the physical history of the world, 
whose exalted part it is to show the simultaneous action and 
the connecting links of the forces which pervade the universe. 
The distribution of organic types in different climates and at 
difierent elevations — ^that is to say, the geography of plants 
and animals-— difiers as widely from botany and descriptive 
zoology as geology does from mineralogy, properly so called. 
The physical history of the tmiverse must not, therefore, be 
confounded with the Encyclopedias of the Natural Sciences, 
as they have hitherto been compiled, and whose title is as 
vague as their limits are ill defined. In the work before us, 
partial facts will be considered only ia relation to the whole 
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The higher the point of view, the greater is the necebsity toi 
a systematic mode of treating the subject in. language at once 
animated and picturesque. 

But thought and language have ever been most intimately 
allied. If language, by its originality of structure and its 
native richness, can, in its delineations, interpret thought with 
grace and clearness, and if, by its happy flexibihty, it can paint 
with vivid truthfulness the objects of the external world, it 
reacts at the same time upon thought, and animates it, as it 
were, with the breath of hfe.. It is this mutual reaction which 
makes words laose than mere signs and forms of thought ; and 
the beneficent influence of a language is most strikingly man- 
ifested on its native soil, where it has sprung spontaneously 
firom the minds of the people, whose character it embodies. 
Proud of a country that seeks to concentrate her strength in 
intellectual unity, the writer recalls with delight the advant- 
ages he has enjoyed in being permitted to express his thoughts 
in his native language ; and truly happy is he who, in at- 
tempting to give a lucid exposition of the great f^enomena of 
the universe, is able to draw from the d^ths of a language, 
which, through the free exercise of thought, and by the effu- 
sions of creative fancy, has for centuries past exercised so pow- 
erful an influence over the destinies of man. 



UMITS^D METHOD OF EXPOSITION OF THE PHYSICAL DESCRIPTIOH 
OF THE UNIVERSE. 

I HAVE endeavored, in the preceding part of my work, to 
explain and illustrate, by various examples, how the enjoy- 
ments presented by the aspect of nature, varying as they do 
in the sources from whence they flow, may be multiplied and 
ennobled by an acquaintance with the connection of phenom- 
ena and the laws by which they are regulated. It remains, 
then, for me to examine the spirit of the method in which the 
exposition of the physical description* of the tmiverse should 
be conducted, and to indicate the limits of this science in ac- 
cordance with the views I have acquired in the course of my 
studies and travels in various parts of the earth.- I trust I 
may flatter myself with a hope that a treatise of this nature 
will justify the title I have ventured to adopt for my work, 
and exonerate me from the reproach of a presumption that 
would be doubly reprehensible in a scientific discussion. 

Before entering upon the delineation of the partial phenom- 
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ena which are found to be distributed in various groups, I -would 
consider a few general questions intimately connected together, 
and bearing upon the nature of our knowledge of the externa] 
world and its diiierent relations, in all epochs of history and in 
air phases of inte]lectual adrancement. Under this head will 
be oompised the following considerations : 

1 . The precise limits of the physical description of the uni- 
verse, considered as a distinct science. 

2. A brief enumeration of the totality of natural phenomena, 
presented under the form of a general ddineation of nature, 

3. The influence of the external world on the imagination 
and feelings, which has acted in modem times as a powerM 
impulse toward the study of natural science, by giving animi^ 
tion to the description of distant regions and to the delineation 
of natural scenery, as ikr as it is characterized by vegetable 
physiogn(»ny and by the cultivation of exotic plants, and their 
arrangement in well- contrasted groups. 

4. The history of the contemplation of nature, or the pro- 
gressive development of the idea of the Cosmos, considered 
with reference to the historical and geographical facts that 
have led to the discovery of the connection of phenomena. 

The higher the point of view from which natural phenome- 
na may be considered, the more necessary it is to cireumiscribe 
the science within its just limits, and to distinguish it from all 
other analogous or auxiliary studies. 

Physical cosmography is founded on the contemplation of all 
created things — all that exists in space, whether as substances 
or forces — ^that is, all the material bein^ that constitute the 
universe. The science which! would attempt to define pre- 
sents itself, therefore, to man, as the inhabitant of the earth, 
under a two-fold form — as the earth itself and the regions of 
qpace. It is with a view of showing the actual character and 
the independence of the study of physical cosmography, and at 
the same time indicating the nature of its relations to general 
ph/ysics, descriptive natural history , geology j and comparative 
geography, that I will pause for a few moments to consider 
that portion of the science of the Cosmos which concerns the 
earth. As the history of philosophy does not consist of a mere 
material enumeration of the phHosophical views entertained 
in diflerent ages, neither should the physical description of the 
universe be a simple encyclopedic compilation of the sciences 
we have enumerated. The difficulty of defining the limits of 
intimately-connected studies has been increased, because for 
centuries it has been customary to designate various branches 

C2 
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of empirical knowledge by terms which admit either ot too 
wide or too limited a definition of the ideas which they were 
intended to convey » and are, besides, objectionable from bar- 
ing had a diiSerent signification in those classical languages of 
antiquity from which they have been borrowed. The terms 
physiology, physics, natural history, geology, and geography 
arose, and were commonly used, long before clear ideas were 
entertained of the diversity of obgects embraced by these 
sciences, and consequently of their reciprocal limitation. Such 
is the influence of long habit upon language, that by one of 
the nations of Europe most advanced in civilization the word 
"physic" is applied to medicine, while in a society of justly 
deserved universal reputation, technical chemistry, geology, 
and astronomy (purely experimental sciences) are comprised 
.under the head of " Philosophical Transactions." 

An attempt has often been made, and almost always in vain, 
to substitute new and more appropriate terms for these ancient 
designaticms, which, notwithstanding their undoubted vague- 
ness, are now generally understood. These changes have been 
proposed, for the most part, by those who have occupied them- 
- selves with the general classification of the various branches 
of knowledge, from the first appearance of the great encyclo- 
pedia {Margarita PhUosophica) of Gregory Reisch,* prior of 
the Chartreuse at Freiburg, toVard the close of the fifteenth 
century, to Lord Bacon, and from Bacon to D'Alembert ; and 
in reisettt times to an eminent physicist, Andr6 Marie Ampere.f 

• The Margarita PhUosophica of Gregory Reisch, prior of the Char- 
treuse at Freiburg, first appeared under the following title: Epitome 
omnit Philotophia, alias Margarita Philosophical tractans de omni generi 
sdbilu The Heidelberg edition (1486), and that of Strasburg (1504), 
both bear this title, but the first part was suppressed in the Freiburg 
edition of the same year, as well as in the twelve subsequent editions, 
which succeeded one another, at short intervals, till 1535. This work 
exercised a great influence on the diffusion of mathematical and physic- 
al sciences toward the beginning of the sixteenth century, and U&as?es, 
the learned author of VApergu Histdrique des Mithodes en GiomitrbC 
(1837), has shown the ^reat importance of Reisch's Encyclopedia in 
the history of mathematics in the Middle Ages. I have«had recourse 
to a passage in the Margarita Philosophica, found only in the edition 
of 1513, to elucidate the important question of the relations betweeu 
the statements of the geographer of Saint-Die, Hylacomilus (Martin 
WaldseemtiUer), the first who gave the name of America to the New 
Continent, and those of Amerigo Vespucci, Ren^, Kins of Jerusalem 
and Duke of Lorraine, as also those contained in the celebrated editions 
of Ptolemy of 1513 and 1522. See my Examen Critique de la Oio" 
graphifi du Nouveau Continentf et des Progris de V Astronomie Nauliqve 
aux 15tr et 16« SUcles, t. iv., p. 99-125. 

t Ampere, Essai sur la PhU. des Seimces, 1834, p. 35. Whewell, 
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The selection of an inappropriate Greek nomenelatere has per* 
haps been even more prejudicial to the last of these attempts 
than the injudicious use of binary divisions and the excessive 
multiplication of groups. 

The physical description of the w6rld, considering the uni- 
verse as an object of the external senses, does undoubtedly re- 
quire the aid of general physics and of descriptite natural lusto- 
ry, but the contemplation of all created things, which are linked 
together, and form one wholes animated by internal forces, gives 
to the science we are considering a peculiar character. Phys- 
ical science considers only the general properties of bodies ; it 
is the product of abstraction — a generalization of perceptible 
phenomena ; and even in the work in which were laid the 
first foundations of general physics, in the eight books on 
physics of Aristotle,* all the phenomena of nature are consid- 
.ered as depending upon the primitive and vital action of one 
sole force, from which emanate all the movements of the uni- 
verse. The terrestrial portion of physical cosmography, for 
which I would willingly retain the expressive designation of 
physical geography, treats of the distribution of magnetism in 
our planet with relation to its intensity and direction, but does 
not enter into a consideration of the laws of attraction or re- 
piikion of the poles, or the means of eliciting either permanent 
or transitory electro-magnetic currents. Physical geography 
depicts in broad outlines the even or irregular configuration of 
continents, the relations of superficial area, and the distribution 
of continental masses in the two hemispheres, a distribution 
which exercises a powerful influence on the diversity of climate 
and the meteorological modifications of the atmosphere ; this 
science diefines the character of mountain chains, which, hav- 
ing been elevated at difierent epochs, constitute distinct sys- 
tems, whether they run in parallel lines or intersect one an- 
other ; determines the mean height of continents above the 
level of the sea, the position of the center of gravity of their 
volume, and the relation of the highest summits of mountain 
chains to the mean elevation of their crests, or to their prox- 
imity with the sea-shore. It depicts the eruptive rocks as 
principles of movement, acting upon the sedimentary rocks by 
traversing, uplifting, and inclining them at various angles ; it 

Philosophy of the Indvetive 8e%enee$t vol. il., p. 277. Park, Pantology, 
p. 87. 

* All changes in the physical world m^y be reduced to motion. 
Aristot., Phy$. Ausc., iii., 1 and 4, p. 200, 201. Bekker, viii., 1, 8, and 
9, p. 250, 262, 265. De Genere et Corr., ii., 10, p. 336. Pseudo-Arisp 
tot., Dt Mundo* unp. vi., p. 398. 
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comdders yolcauoes either as isolated, or ranged in single or in 
double series, and extending their sphere of action to various 
distances, either by raising long and narrow lines of rocks, or 
by means of circles of commotion, which expand or diminish 
in diameter in the .course of ages. This terrestrial portion ot 
the science of the Cosmos describes the strife of the liquid ele- 
ment with the soHd land ; it indicates the features possessed 
in common by all great rivers in the upper and lower portion 
of their course, and in their mode of bifurcation when their 
basins, are unclosed ^ and shows us rivers breaking through 
the highest mountain chains, or following for a long time a 
course parallel to them^ either at their base, or at a consider- 
able distance, where the elevation of the strata of the mount- 
ain system and the direction of their inclination correspond 
to the configuration of the table-land. It is only the general 
results of comparative <»ography and hydrography that belong 
to the science whose true limits I am desirous of determining, 
and not the special enumeration of the greatest elevations of 
our globe, of active volcanoes, of rivers, and the number of 
their tributaries, these details falling rather within the domain 
of geography, properly so called. We would here only con- 
sider phenomena in their- mutual connection, and in their re- 
lations to di&rent zones of our planet, and to its physical con* 
stitution generally. The specialities both of inorganic and or- 
ganized matter, classed according to analogy of form and com- 
position, undoubtedly constitute a most interesting branch of 
study, but they appertain to a sphere of ideas having no affin- 
ity with the subject of this work. 

The description of difierent countries certainly furnishes us 
with the most important materials for the composition of a 
physical geography ; but the combination of these difiereni 
descriptions, ranged in series, would as little give us a tnw 
image of the general conformation of the irregular surface of 
our globe, as a succession of all the floras of difierent regions 
would constitute that which I designate as a Creography of 
Plants. It is by subjecting isolated observations to the process 
of thought, and by combining and comparing them, that we 
are enabled to discover the relatio&s existing in common be 
tween the climatic distribution of beings and the individuality 
of organic forms (in the morphology or descriptive natural his- - 
tory of plants and animals) ; and it is by induction that we 
are led to comprehend numerical laws, the proportion of nat 
ural families tp the whole number of species, and to designate 
thp latitude or geographical position of the zones i^ whose 
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jdainM each organic form attains the maximum of its develop- 
ment. ConsiderationB of this nature, by their tendency to 
geueratization, impress a nobler character on the physical de- 
scription of the globe, and enable us to understand how the 
aiqpeet of the scenery, that is to say, the impression produced 
upon the mind by the physiognomy of the vegetation, depends 
upon the local distribution, the number, and the luxuriance of 
growth of the vegetable ibrms predominating in the general 
mass. The catalogues of oigamzed beings, to which was for> 
merly given the pompous title of ^fstems of Nature, present 
us with an admirably connected arrangement by analogies of 
structure, either in the perfected development of these beings, 
or in the difierent phases which, in accordance with the views 
of a spiral evolution, afiect in vegetables the leaves, bracts, 
calyx, corolla, and fructifying organs ; and in animals, with 
more or less symmetrical regularity, the cellular and fibrous 
tissues, and their periect or but obscurely developed articula- 
tions. But these pretended systems of nature, however ingen- 
ious their mode of classification may be, do not show us or^ 
ganic beings as they are distributed in groups throughout our 
planet, according to their difierent relations of latitude and 
elevation above the level of the sea, and to climatic influences, 
which are owing to general and often very remote causes. 
The ultimate aim of physical geography is, however, as we 
have already said, to recognize unity in the vast diversity of 
phenomena, and by the exercise of thought and the combina- 
tion of observations, to discern the constancy of phenomena 
in the midst of apparent changes. In the exposition of the 
terrestrial portion of the Cosmos, it will occasionally be neces- 
sary to descend to very special facts ; but this will only be in 
order to recall the connection existing between the actual dis- 
tribution of organic beings over the globe, and the laws of the 
ideal classification by natural families^ analogy of internal or- 
ganization, and progressive evolution. 

It follows from these discussions on the limits of the various 
sciences, and more particularly from the distinction which must 
necessarily be made between descriptive botany (morphology 
of vegetables) and the geography of plants, that in the phys 
ical history of the globe, the innumerable multitude of organ- 
ized bodies which embellish creation are considered rather ac- 
cording to zones of hahitation or stations y and to diflerently 
inflected isothermal hands, than with reference to the princi- 
ples of gradation in the development of internal organism. 
Notwitl^tanding this, botany and zoology, which constitute 
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the descriptive nataral history of all oi^^anized beings, are the 
fruitful sources whence we draw the materials necessary to 
give a solid basis to the study of the mutual relations and 
connection of phenomena. 

We will here subjoin one important observation by way of 
elucidating the connection of which we have spoken. The 
first general glance over the vegetation of a vast extent of a 
continent shows us forms the most dissimilar — Gramineaa and 
Orchideae, ConifereB and oaks, in local approximation to one 
another ; while natural families and genera, instead of being 
locally associated, are dispersed as if by chance. This disper* 
sion is, however, only apparent. The physical description of 
the globe teaches us that vegetation every where presents nu- 
merically constant relations in the development of its forms 
and types ; that in the same climates, the species which are 
wanting in one country are replaced in a neighboring one by 
other species of the same family ; and that this law ofsiibsti' 
tutioHy which seems to depend upon some inherent mysteries 
of the organism, considered with reference to its origin, main- 
tains in contiguous regions a numerical relation between the 
species of various great families and the general mass of the 
phanerogamic plants constituting the two floras. We thus 
find a principle of unity and a primitive plan of distribution 
revealed in the multiplicity of the distinct organizations by 
which these regions are occupied ; and we also discover in 
each zone, and diversified according to the families of plants, 
a slow but continuous action on the aerial ocean, depending 
upon the influence of light — the primary condition of all or- 
ganic vitality— on the solid and liquid surface of our planet. 
It might be said, in accordance with a beautiful expression of 
Lavoisier, that the ancient marvel of the myth of Prometheus 
was incessantly renewed before our eyes. 

If we extend the course which we have proposed, following • 
in the exposition of the physical description of the earth to the 
sidereal part of the science of the Cosmos, the delineation of 
the regions of space and the bodies by which they are occupied, 
we shall find our task simplified in no common degree. If, ac- 
cording to ancient but unphilosophical forms of nomenclature, 
we would distinguish between j^ysics, that is to say, general 
considerations on the essence of matter, and the forces by which 
it is actuated, and chemistri/f which treats of the nature of 
substances, their elementary composition, and those* attrac- 
tions that are not determined solely by the relations of mass, 
we must admit that the description of the earth comprises at 
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once physical and chemical acdoiu. In addition; to graTita* 
tion, which must be considered as a primitive force in nature, 
we observe that attraoticms of another kind are at work around 
us, both in the interior of our planet and on its surface. These 
forces, to which we apply the term chermcal affinity ^ act upon 
molecules in contact, or at infinitely minute distances from one 
another,* and which, being differently modified by electricity, 
heat, condensation in porous bodies, or by the contact of an 
intermediate substance, animate equally the inoiganic world 
and animal and vegetable tissues. If we except the small 
asteroids, which appear to us under the forms of aerolites and 
shooting stars, the regions of space have hitherto presented to 
our direct observation physical phenomena alone ; and in the 
case of these, we know only with certainty the efiects depend- 
ing upon the quantitative relations of matter or the distribu- 
tion of masses. The phenomena of the regions of space may 
consequently be considered as influenced by simple dynamical 
laws — ^the laws of motion. 

The eflects that may arise from the specific difference and 
the heterogeneous nature of matter have not hitherto entered 
into our calculations of the mechanism of the heavens. The 
only means by which the inhabitants of our planet can enter 
into relation with the matter contained within the regions of 
space, whether existing in scattered forms or united into large 
spheroids, is by the phenomena of light, the propagation of 
luminous waves, and by the influence universally exercised by 
the force of gravitation or the attraction of masses. The ex- 
istence of a periodical action of the sun and moon on the va- 
riations of terrestrial magnetism is even at the present day 
extremely problematical. We have no direct experimental 
knowledge regarding the properties and specific qualities of 
the masses circulating in space, or of the matter of which they 
are probably composed, if we except what may be derived from 
the fall of aeroUtes or meteoric stones, which, as we have al- 
ready observed, enter within the limits of our terrestrial sphere. 
It will be sufficient here to remark, that the direction and the 
excessive velocity of projection (a velocity wholly planetary) 
manifested by these masses, render it more than probable that 

* On the question already discussed by Newton, regarding the differ- 
ence existing between the attraction of masses and molecalar attraction, 
see Laplace, Exposition du Systime du Mtmde, p. 384, and supplement 
to book X. of the Mecanique Cileste, pt 3, 4 ; Kant, Metaph, Anfang*-^ 
grUnde der NaturtDiatenschaff, Sam. W&he, 1839, bd. v., s- 309 (Meta- 
physical Principles of the Natural Sciences) ; Pectet, Phynque, ISSS, 
vol. i., p. 59-63. 
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they are small celestial bodies, ivhich, being attracted by oui 
planet, are made to deviate from their original course, and thus 
reach the earth enveloped in vapors, and in a high state of 
actual incandescence. The familiar aspect of these asteroids, 
and the analogies which they present with the minerals com- 
posing the earth's crust, undoubtedly afibrd ample grounds for 
surprise ;* but, in my opinion, the only conclusion to be drawn 
from these facts is, that, in general, planets and other sideireal 
masses, which, by the influence of a central body, have been 
agglomerated into rings of vapor, and subsequently into sphe- 
roids, being integrant parts of the same system, and having 
one common origin, may likewise be composed of substances 
chemically identical. Again, experiments with the pendulum, 
particularly those prosecuted with such rare precision by Bes- 
sel, con£bm the Newtonian axiom, that bodies the most hete- 
rogeneous in their nature (as water, gold, quartz, granular 
limestone, and difierent masses of aerolites) experience a per- 
fectly similar degree of acceleration from the attraction of the 
earth. To the experiments of the pendulum may be added 
the proofs furnished by purely astronomical observations. The 
almost perfect identity of the mass of Jupiter, deduced from the 
influence exercised by this stupendous planet on its own satel- 
lites, on Encke's comet of short period, and on the small planets 
Vesta, Juno, Ceres, and Pallas, indicates with equal certain- 
ty that within the limits of actual observation attraction is 
determined solely by the quantity of matter.t 

This absence of any perceptible diflerence in the nature of 
matter, alike proved by direct observation and theoretical de- 
ductions, imparts a high degree of simplicity to the mechanism 
of the heavens. The immeasurable extent of the regions of 
space being subjected to laws of motion alone, the sidereal 
portion of the science of the Cosmos is based on the pure and 
abundant source of mathematical astronomy, as is the terres- 
trial portion on physics, chemistry, and organic morphology ; 
but the domain of these three last-named sciences embraces 

* [The analysis of an aSrolite which fell a few years since in Mary 
land, United States, and was examined by Professor Silliman, of New 
Haven, Connecticut, ^ve the following resnlts: Oxyd of iron, 24; ox- 
yd of nickel, 1*25 ; silica, with earthy matter, 3*46 ; sulphur, a trace 
=28-71. Dr. Mantell's Wemdersof Geology, 1848, vol. i., p. 51.]— STr. 

t PoissOQ, Connaissanees des Temps pour V Annie 1836, p. 64-66. 
Bessel, Poggendorf 's Annalen, bd. xxv., s. 417. Encke, Abhandlungen 
der Berliner Aeademie (Trans, of the Berlin Academy), 1826, s. 257. 
Mitscherlich, Leikrbuek der Chemie (Manual of Ohemistry), 1837 bd. i. 
s. 352. 
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tiie ecmsideration of phenomena which are so complicated, 
and have, up to the present time, been found no little suscep- 
tible of the application of rigorous method, that the physical 
science of the earth can not boast of the same certainty and 
simpUcity in the exposition of facts and their mutual connect 
tion which characterize the celestial portion of the Cosmos. 
It is not improbable that the difierence to which we allude 
may furnish an explanation of the cause which, in the earliest 
ages of intellectual culture among the Greeks, directed the 
natural philosophy of the Pythagoreans with more atdor to the 
heavenly bodies and the regions of space than to the earth 
and its productions, and how through Philolaus, and subse- 
quently through the analogous views of Aristarchus of Samoa, 
and of Seleucus of Erythrea, this science has been made more 
conducive to the attainment of a knowledge of the true system 
of the world than the natural philosophy of the Ionian school 
could ever be to the physical history of the earth. Giving but 
little attention to the properties and specific differences of 
matter filling space, the great Italian school, in its Doric 
gravity, turned by preference toward all that relates to meas- 
ure, to the form of bodies, and to lAie number and distances of 
the planets,'*^' while the Ionian physicists directed their atten 
tion to the qualities of matter, its true or supposed metamor 
phoses, and to relations of origin. It was reserved for the 
powerful genius of Aristotle, alike profoundly speculative and 
practical, to sound '^th equal success the depths of abstraction 
and the inexhaustible resources of vital activity pervading the 
material world. 

Several highly distinguished treatises on physical geography 
are prefaced by an introduction, whose purely astronomical 
sections are directed to the consideration of the earth in its 
planetary dependence, and as c^stituting a part of that great 
system which is animated by one central body, the sun. This 
course is diametrically opposed to the one which I propose 
following. In order adequately to estimate the dignity of the 
Cosmos, it is requisite that the sidereal portion, termed by 
Kant the natural history of the heavenSy should not be made 
subordinate to the terrestrial. In the science of the Cosmos, 
according to the expression of Aristarchus of Samos, the pio- 
neer of the Copemican system, the sun, with its satellites, 
was nothing more than one of the innumerable stars by which 
space is occupied. The physical history of the world must, 
tnerefore, begin with the description of the heavenly bodies, 
* Compare Otfried Mailer's Dorient bd. i., s. 365. 
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and with a geographical sketch of the universe, or, I would 
rather say, a true map of the world, such as was traced by 
the bold hand of the elder Herschel. If, notwithstanding the 
smallness of our planet, the most considerable space and the 
most attentive consideration be here afibrded to that which 
exclusively coi^cems it, this arises solely from the disproportion 
in the extent of our knowledge of that which is accessible and 
of that which is closed to our observation. This subordina- 
tion of the celestial to the terrestrial portion is met with in the 
great work of Bernard Varenius,* which appeared in the mid- 

* Oeographia Generalis in qua affectionea generates telluris explU 
cantur. The oldest Elzevir edition bears date 1650, the second 1672, 
and the third 1681 ; these were published at Caxnbrid^, under New- 
ton's supervision. This excellent work by Varenius is, in the true 
sense of the words, a physical description of the earth. Since the work 
Hisforia Natural de las IndiaSf 1590, in which the Jesuit Joseph de 
Acosta sketched i^ so masterly a manner the delineation of the New 
Continent, questions relating to the physical history of the earth have 
never been considered with such admirable generality. Acosta is rich* 
er in original observations, while Varenius embraces a wider circle of 
ideas, since his sojourn in Holland, which was at that period the center 
of vast commercial relations, had brought him in contact with a great 
number of well-informed trailers. Oeneralis sive Universalis Oeo- 
grapkia dieiiur qua tellurem in genere eonsiderat cUque affectiones es> 
plicat, non habita partictdarium regionum ratione. Th« general de* 
Bcription o^the earth by Varenius (Pars Absoluta, cap. i.-xxii.) maybe 
considered as a treatise of comparative geography, if we adopt the term 
used by the author himself (Geographia Comparaiivaj cs^. xxxiii.-zl.), 
although this must be understood in a limited acceptation. We may 
cite the following among the most remarkable passages of this book : 
the enumeration of the systems of mountains ; the examination of the 
relations existing between their directions and the general form of con* 
tinents (p. 66, 76, ed. Cantab., 1681); a list of extinct volcanoes, and 
such as were still in a state of activity ; the discussion of facts relative 
to the general distribution of islands and archipelagoes (p. 220) ; the 
depth of the ocean relatively to the hei°;ht of neighbonng coasts (p. 103) ; 
the uniformity of level observed ivalf open seas (p. 97) ; the depend* 
ence of currents on the prevailing winds ; the unequal saltness of the 
sea; the configuration of shores (p. 139); the direction of the winds as 
the result of differences of temperature, &c. We may further instance 
the remarkable considerations of Varenius regarding the equinoctial 
current from east to west, to which he attributes the origin of the Gulf 
Stream, beginning at Cape St. An^stin, and issuing forth between 
Cuba and Florida (p. 140). Nothing can be more accurate than his 
description of the current which' skirts the western coast of Africa, be- 
tween Cape Verde and the island of Fernando Po in the Gulf of Guinea. 
Varenius explains the formation of sporadic islands by supposing them 
to be " the raised bottom of the sea :*' magna spirituum inelusorum «i, 
sicut €diquando monies e terra protnsos esse quidam seribunt (p. 225). 
The edition published by Newton in 1681 {auctior et emcndatior) un- 
fortunately contains no additions from this great authority ; and there 
is not even mention made of the^polar eompression of tiie globe, al- 
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c&e of the seventeenth century. He was the first to distinguish 
between general and special geography, the former of which 
he subdivides into an absolute, or, properly speaking, terres- 
trial part, and a relative or planetary portion, according to 
the mode of considering our planet either with reference to its 
surface in its difierent zones, or to its relations to the sun and 
moon. It redounds to the glory of Varenius that his work on 
General and Comparative Geographn^ should in so high a 
degree have arrested the attention of Newton. The imper- 
fect state of many of the auxiliary sciences from which this 
MTiter was obliged to draw his materials prevented his work 
&om corresponding to the greatness of the design, and it was 
reserved for the present age, and for niy own country, to see 
the delineation of comparative geography, drawn in its full 
extent, and in all its relations with the history of man, by the 
skillful hand of Carl Ritter.* 

The enumeration of the most important results of the as* 
tronoiiiical and physical sciences which in the history of the 
Cosmos radiate towar^l one common focus, may perhaps, to a 
certain degree, justify the designation I have given to my 
work, and, considered within the circumscribed limits I have 
proposed to myself, the undertaking may be esteemed less ad- 
venturous than the title. The introduction of new terms, es- 
pecially with reference to the general results of a science which 

though the experiments on the pendulum by Richer had been made 
nine years prior to the appearance of the Cambridge edition. Newton's 
Prindpia Mathematica PhUosophia Natvralis were not communicated 
in manuscript to the Royal Society until April, 1686. Much uncer- 
tainty seems to prevail regarding the birth-place of Varenius. Jsecher 
says it was England, while, according to La Biograpkie Universelle 
(b. xlvii., p. 495), he is stated to have been born at Amsterdam ; but 
it would appear, from the dedicatory address to the burgomaster ot 
that city (see his Oeograpkia Comparaiwa), that both suppositions are 
false. Varenius expressly says that he had sought refuge in Amsterdam, 
" because his native city had been burned and completely destroyed 
during a long war," words which appear to apply to the north of Gei^ 
many, and to the devastations of the Thirty Years' War. In his dedica^ 
tion of another work, DeseripUo regni Japonic (Amst., 1649), to the 
Senate of Hamburgh, Varenius says that he prosecuted his elementary 
mathematical studies in the gymnasium of that city. There is, there- 
fore, every reason to believe that this admirable geographer was a 
native of Germany, and was probably born at Luneburg ( Witten. Mem, 
Theol.f 1685, p. 2142; Zedler, Unwersal Lexicon, vqT. xlvi., 1745, p. 
187). 

* Carl Ritter's Erdkundeim VerkdUniss zur Naturund zur Oeschichte 
des Menscken, oder allgemeine vergleicketide Oeographie (Geography in 
relation to Nature and the History o' Man, or general Comparative 
Geography). 
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ought to be accessible to all, has always been greatly in oppo- 
sition to my own practice ; and whenever I have enlarged 
upon the established nomenclature, it has only been in the 
specialities of descriptive botany and zoology, where the in- 
troduction of hitherto unknown objects rendered new names 
necessary. The denomiuations of physical descriptions of the 
universe, or physical cosmography, which I use indiscrimin- 
ately, have been modeled upon those oi physical descriptions 
of the earthy that is to say, physical geography ^ terms that 
have long been in common use. Descartes, whose genius was 
one of the most powerful manifested in any age, has left lis a 
few fragments of a great work, which he intended publishing 
under the title of Monde, and for which he had prepared him- 
self by special studies, including even that of human anatomy, 
llie uncommon, but definite expression' of the science of tlie 
Cosmos recalls, to the mind of the inhabitant of the earth that 
we are treating of a more widely-extended horizon — of the 
assemblage of all things with which space is iiUed, from the 
remotest nebulad to the climatic distribution of those delicate 
tissues of vegetable matter which spread a variegated cover- 
ing over the surface of our rocks. 

The influence of narrow-minded views peculiar to the ear- 
lier ages of civilization led in all languages to a confusion of 
ideas in the synonymic use of the words earth and world, 
while the common expressions voyages round the world, map 
of the world, and new world, afibrd further illustrations of the 
same confusion. The more noble and precisely-defined ex- 
pressions of system of the world, the picmetary taorld, and 
creation and age of the world, relate either to the totality of 
the substances by which space is filled, or to the origin of the 
whole universe. 

It was natural that, in the midst of the extreme variability 
of phenomena presented by the surface of our globe, and the 
aerial ocean by which it is surrounded, man should have been 
impressed by the aspect of the vault of heaven, and the uni- 
form and regular movements of the sun and planets. Thus 
the word Cosmos, which primitively, in the Homeric ages, in- 
dicated an idea of order and harmony, was subsequently adopt- 
ed in scientific language, where it was gradually applied to 
the order observed in the movements of the heavenly bodies, 
to the whole universe, and then finally to the world in which 
this harmony was reflected to us. According to the assertion 
of Philolaiis, whose firaigmentary works have been so ably com- 
mented upon by Bockh, and conformably to the general testi- 
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jQfliiiv of antiquity, Pythagoras was the fint who used the 
word Cosmos to designate the order 'that reigns in the uni« 
verse, or entire world.* 

* Kdaftoct m the most ancient, and at the same tune most precue, 
definition of the word, signified omamefU (as an adornment for a man, 
a woman, or a horse) ; taken figuratively for eira^la, it implied the or^ 
der or adornment of a disooorse. According to the testimony of all the 
ancients, it was Pythagoras who first osed the word to designate the 
order in the universe, and the unirerae itself. Pythagoras left no writ- 
ings ; bat ancient attestation to the truth of this assertion is to be found 
in several passages of the fragmentary works of Pbilolatls (Stob., Ecla^., 
p. 360 and 460, Heeren), p. 62, 90, m BSckh's German edition. I do 
not, according to the example of Nake, cite Timaeus of Locris, since his 
authenticity is doubtful. Plutarch (De plae, PhU,, ii., 1) says, in the 
most express manner, that Pythagoras gave the name of Cosmos to the 
universe on account of the order which reigned throughout it; so like- 
wise does Galen {HiU* Phil., p. 429). This Word, toge^er with its 
novel significatkm, passed fix»m the schools of philosophy into the lan- 
guage of poets and prose writers. Plato designates the heavenly bod- 
ies by the name of Urano$, but the order pervading the regions of space 
he too terms the Cosmos, and in his Timaus (p. 30, b.) he says tkcU ih€ 
world it an animal endowed with a soul (xdafiov (oov kftiffvxov), Com- 
pu« Anaxag. Claz., ed. Schaubach, p. Ill, and Plut. (De plae, Phil., 
li., 3), on spirit apart from matter, as the ordaining power of nature. 
In Aristotle (De Calo, 1, 9), Cotmoe signifies *' the universe and the 
order pervading it," but it is likewise considered as divided in space 
into two parts-'the sublunary "^orld, and the world above the moon. 
{Mtteor.r I., 2, 1, and I., 3, 13, p. 339, a, and 340, b, Bekk.) The def- 
inition of Cosmos, which I have already cited, is taken from Pseudo-Ar- 
istoteles de MundQ, cap. ii. (p. 391) ; tte passage referred to is as fol- 
lows : KSafWC iirri oiftrnifM ic ovpavov xai yijc km rc^ iv Toiroi^ nepie- 
XOftivov ^votav. Myerai 6k km iiripuc K6<rXo^ if tov 6^av ra^ic re xa2 
diaKoafiTfai^y vno i9ewv re km 6m ^tuv ^^rroftivrf. Most of the pas- 
sages occurring in Greek writers on the word Co$mo» may be found 
collected together in the controversy between Richard Bentley and 
Charles Boyle (Opuseula PhUologiea, 1781, p. 347, 445; Distertatiom 
upon the Efristlea of Phalaris, 1817, p. 254) ; on the historical existence 
of Zaleucus, legislator of Leucris, in Nake's excellent work, Sehed. 
Crit., 1812, p. 9, 15 ; and, finally, in Thcophilus Schmidt, ad Cleom. 
Cyel. Theor.j met. I., 1, p. ix., 1, and 99. Taken in a more limited 
sense, the word Cosmos is also used in the plural (Plut., 1, 5), either to 
designate the stars (Stob., 1, p. 514; Plut., 11, 13), or the innumerable 
systems scattered like islands through the immensity of space, and each 
composed of a sun and a moon. (Anax. Claz., Fragm.t p. 89, 93, 120 ; 
Brandis, Gesch. der Orieehieeh-Rdmischen Philo$ophie, h. i., s. 252 (His- 
tory of the Greco-Boman Philosophy). Bach of these groups forming 
thus a CotmoSf the universe, ro rcdv, the word must be understood in a 
wider sense (Plut., ii., 1). It was not until long after the time of the 
Ptolemies that the word was applied to the earth. ^5ckh has made 
known inscriptions in praise of Trajan and Adrian ( Corpus Inscr. Ortte., 
1, n. 334 and 1036), in which Koofwc occurs for oUovfievif, in the same 
maimer as we still use the term world to signify the earth alone. We 
have already mentioned the singular division of the regions of spico 
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From the Italian school (^ philosophy, the expression pass- 
ed, in this signification, into the language of those early poets 

into three parts, the Olympus^ CosmoSf and Ouranos (Stob., i., p. 488 ; 
Philolatks, p. 94, 202) ; this division applies to the different regions sur 
rounding that mysterious focus of the universe, the ^Earla tov iravrdi 
of the Pythagoreans. In the fragmentary passage xq which this dm- 
■ion is found, the term Ouranot designates the innermost region, situ* 
ated between the moon and earth; this is the domain of changing 
things. The middle r^sion, where the planets circulate in aa invaria- 
ble and harmonious order, is, in accordance with the special concep- 
tions entertained of tlie universe, exclusively termed Cosmos^ while the 
word Olympus is used to express the exterior or igneous region. Bopp, 
the profound philologist, has remarked, that we may decfuce, as Pott 
has done, Etymol, Fortehungen^ th. i., s. 39 and 252 (Etymol, Research' 
es)f the word Koafiog from the Sanscrit root ^sud^, purificarii by assum* 
ing two conditions; first, that the Greek k in Koafzoc comes li*om the 
palatial c, which Bopp represents by 's and Pott by ^ (in the same man* 
ner as dixa^ decerrij taikun in Gothic, comes from the Indian word dd- 
son), and, next, that the Indian d^ corresponds, as a general rule, with 
the Greek 6 ( Vergleichende Orammatik, % 99 — Comparative Gramnuur), 
which shows the relation of Koafioc (for KoOfxo^) with the Sanscrit root 
*sud\ whence is also derived Ka&CLfio^. Another Indian term for the 
world is gagat (pronounced dschagat), which is, properly speaking, the 
present participle of the verb gagdmi (I go), the root of which is gd. 
In restricting ourselves to the circle of Hellenic etymologies, we find 
{Etymol. M.f p. 532, 12) that Kdafio^ is intimately associated with icdC<v» 
or rather with Kaivvfiaiy whence we have Kexaa/jtivoc or KtKaifiivo^, 
Welcker {Eine Kretisehe CoU in Th^en, s. 23 — A Cretan Colony in 
Thebes) combines with this the name KdSfioc, ^ ^^ Hesychius xddfio^ 
signifies a Cretan suit of arms. When the scientific langttage of Greece 
was introduced among the Romans, the word mundits, which at first had 
only the primary meaning ofKoafio^ (female ornament), was applied to 
designate the entire universe. Ennius seems to have been the ^rst 
who ventured upon this innovation. In one of the fragments of this 
poet, preserved by Macrobius, on the occasion of his quarrel with Vir- 
gil, we find the word used in its novel mode of acceptation : **Mundu» 
eoili vastus constUit sUentio" (Sat., vi., 2). Cicero alsosays, ^''Quem no» 
lucentem mundum vocamus" (Timaeus, S. de Univer.y cap. x.). The 
Sanscrit root mand, from which Pott derives the Latin mvndus (Etym, 
Forseh.t th. i., s. 240), combines the double signification of shining and 
adorning. Ldka designates in Sanscrit the world and people in general, 
in the same manner as the French word mondei ahd is derived, accord- 
ing to I^pp, from Idk (to see and shine); it is the same with the Sclft* 
vonic root susjety which meanB both light and world. (Grimm, Deuf^he 
Oramm., b. iii., s. 394 — German Grammar.) The >yord weUy which 
tlie Germans make use of at the present day, and which was wexalt in 
old Grerman, worold in old Saxon, and vSruld in Ang.k>Saxon, was, ac* 
cording to James Grimm's interpretation, a period of time, an age («tf0> 
itulum)t rather than a term used tor the world in space. The Etruscans 
figured to themselves mundus as an inverted dome, symmetrically op> 
posed to the celestial vault (Otfried MQUer's Etrusken, th. ii.» s. 96, 
&c.). Taken in a still more limited sense, the word Appears to have 
signified among the Goths the terrestrial surface girded by seas (marei, 
meri)y the merigardf literally, garden of seas. 
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of natture, Parmenides and Etnpedocleg, and irom thenco into 
the works of prose writers. We will not here enter into a 
discussion of the manner in which, according to the Pythago- 
rean views, Philolaiis distinguishes between Olympus, Uranus, 
or the heaYens, and Cosmos, or how the same word, used in 
a plural sense, could be 'tipplied to certain heavenly bodies 
(the planets) revolving round one central focus of the world, 
or to groups of stars. In this work I use the word Cosmos in 
conformity with the Hellenic usage of the term subsequently 
to the time of Pythagoras, and in accordance with the precise 
definition given of it in the treatise entitled De Mundo, which 
was long erroneously attributed to Aristotle. It is the assem- 
blage of all things in heaven and earth, the universality of 
created things constituting the perceptible world. If scientific 
terms had not long been diverted from their true verbal sig- 
nification, the present work ought rather to have borne the 
title of Cosmograj^y, divided into Uranographi/ and Geog' 
raphy. The Romans, in their feeble essays on philosophy, 
imitated the Greeks by applying to the imiverse the term 
munduSj which, in its priaary meaning, indicated nothing 
more than ornament, and did not even imply order or regu- 
larity in the disposition of parts. It is probable that the in- 
troduction into the language of Latium of this technical term 
as an equivalent for Cosmos, in its double signification, is due 
to Ennius,* who was a follower of the Italian school, and the 
translator of the writings of Epicharmus and some of his pu 
pils on the Pythagorean philosophy. 

We would first distinguish between the physical history and 
the physical description of the world. The former, conceived 
in the most general sense of the word, ought, if materials for 
writing it existed, to trace the variations experienced by the 
universe in the course of ages from the new stars which have 
suddenly appeared and disappeared in the vault of heaven, 
from nebulsB dissolving or condensing — ^to the first stratum of 
cryptogamic vegetation on the still imperfectly cooled surface 
of the earth, or on a reef of coral uplifted from the depths of 
ocean. 7%ephysical description of the world presents a pic^ 
ture of all that exists in ^ace«— of the simultaneous action of 

* See, on Ennius, the ingenioas researches of Leopdld Krahner, in 
his Orundlinien xwr Oesehiehie da VerfeUU der Romischen StatUt^Reii 
nan, 1837, s. 41-45 (Outlines of the History of the Decay of the Estab 
lished Religion among the Romans). In all probability, Ennius did not 
quote fix)m writings of Bpicharmus himself, but from poems composed 
in tl)e name of that philosopher, and in accordance with his views 
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natural forces, together with the phenomena which they pro* 
duce. 

But if we would correctly comprehend nature, we must not 
entirely or absolutely separate the consideration of the present 
state of things from that of the successive phases through 
which they have passed. We can not form a just conception 
of their nature without looking hack on the mode of their for- 
mation. It is not organic matter alone that is continually un- 
dergoing change, and being dissolved to fi>rm new combina- 
tions. The globe itself reveals at every phase of its existence 
the mystery of its fonner conditions. 

We can not survey the crust of our planet without recog- 
nizing the traces of the prior existence and destruction of an 
organic world. The sedimentary rocks present a succession 
of organic forms, associated in groups, which have successive- 
ly displaced and succeeded each other. The difierent super 
imposed strata thus display to us the faunas and floras of dif- 
ferent epochs. In this sense the description of nature is inti 
mately connected with its history ; and the geologist, who is 
guided by the connection existinf among the facts observed, 
can not form a conception of the present without pursuing, 
through countless ages, the history of the past. In tracing 
the physical delineation of the globe, we behold the present 
and the past reciprocally incorporated, as it were, with one 
another ; for the domain of nature is like that of languages, in 
which etymological research reveals a successive development, 
by showing us the primary condition of an idiom reflected in 
the forms of speech in use at the present day. The study of 
the material world renders this reflection of the past peculiar- 
ly manifest, by displaying in the process of formation rocks of 
eruption and sedimentary strata similar to those of former 
ages. If I may be allowed to borrow a striking illustration . 
from the geological relations by which the physiognomy of a 
country is determined, I would say that domes of trachyte, 
cones of basalt, lava streams (coulSes) of amygdaloid with 
elongated and parallel pores, and white deposits of pumice, 
intermixed with bjlack scoriae, animate the scenery by the as- 
sociations of the past which they awaken, acting upon the 
imagination of the enlightened observer like traditional records 
of an earlier world. Their form is their history. 

The sense in which the Greeks and Romans originally em- 
ployed the word history proves that they too were intimately 
convinced that, to form a complete idea of the present state 
of the universe, it was necessary to consider it in its successive 
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phases. ^ It is not, however, in the definition given by Vale* 
lius Flaccus,*" but in the zoological writings of Aristotle, that 
the word history foesents itself as an exposition of the results 
of experience and observation. The physical description of 
the word by Pliny the elder bears the title of Natural His- 
tory ^ while in the letters of his nephew it is designated by the 
nobler term of History of Natwre. The earlier Greek his- 
torians did not separate the descriptions of countries from the 
narrative of events of which they had been the theater. With 
these writers, physical geography and history were long inti* 
mately associated, and remained simply but elegantly blended 
until the period of the development of political interests, when 
the agitation in which the lives of men were passed caused 
the geographical portion to be banished from the history of 
nations, and raised into an independent science. 

It remains to be considered whether, by the operation of 
thought, we may hope to reduce the immense diversity of 
phenomena comprised by the Cosmos to the unity of a princi- 
pie, and the evidence afibrded by rational truths. In the 
piesent state of empirical knowledge, we can scarcely flatter 
ourselves with such a hope. Experimental sciences, based 
on the observation of the external world, can not aspire to 
completeness ; the nature of things, and the imperfection of 
our organs, are alike opposed to it. We shall never succeed 
ui exhausting the immeasurable riches of nature ; and no^en* 
eration of men will ever have cause to boast of having com- 
prehended the total aggregation of phenomena. It is only by 
distributing them into groups that we have been able, in the 
case of a few, to discover the empire of certain natural laws, 
^and and simple as nature itself. The extent of this empire 
will no doubt increase in proportion as physical sciences are 
more perfectly developed. Striking proofs of this advance- 
ment have been made manifest in our own day, in the phe* 
nomena of electro-magnetism, the propagation of luminous 
waves and radiating heat. In the same manner, the fruitful 
doctrine of evolution shows us how, in organic development, 
all that is formed is sketched oiit beforehand, and how the 
tissues of vegetable and animal matter uniformly arise from 
the multiplication and transformation of cells. 

The generalization of laws, which, being at first bounded 

by narrow limits, had been applied solely to isolated groups 

of phenomena, acquires in time more marked gradations, and 

gains in extent and certainty as long as the process of reason* 

• Aul. Gell., Noct. Att., v., 18. 
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ing is applied strictly to anidogoiifl phenomena ; but as soon 
as dynamical views prove insufficient where the specific prop- 
erties and heterogeneous nature of matter come into play, it is 
to be feared that, by persisting in the pursuit of laws, we may 
find our course suddenly arrested by an impassable chasm. 
The principle of unity is lost sight of, and the guiding clew 
is rent asunder whenever any specific and pecuhar kind of • 
action manifests itself amid the active forces of nature. The 
law of equivalents and the numerical proportions of composi- 
tion, so happily recognized by modem chemists, and proclaimed 
under the ancient form of atomic symbols, still remains isola- 
ted and independent of mathematical laws of motion and grav- 
itation. • 

Those productions of nature which are objects of direct ob- 
servation may be logically distributed in dasses, orders, and 
families. This form of distribution undoubtedly sheds some 
light on descriptive natural history, but the study of organized 
bodies, considered in their hnear connection, although it may 
impart a greater degree of unity and simphcity to the distri- 
bution of groups, can not rise to the height of a classification 
based on one sole principle of composition and internal organ- 
ization. As difierent gradations are presented by the laws 
of nature according to the extent of the horizon, or the limits 
of the phenomena to be considered, so there are likewise dif- 
ferently graduated phases in the investigation of the external 
world. Empiricism originates in isolated views, which are 
subsequently grouped according to their analogy or dissimilar- 
ity. To direct observation succeeds, although long aflerward, 
the wish to prosecute experiments ; that is to say, to evoke 
phenomena under di^rent determined conditions. The ra- 
tional experimentalist does not proceed at hazard, but acts 
under the guidance of hypotheses, founded on a half indistinct 
and more or less just intuition of the connection existing among 
natural objects or forces. That lYhich haB been conquered 
by observation or by means of experiments, leads, by analysis ' 
and induction, to the discovery of empirical laws. These ^xe 
the phases in human intellect that have mariied the difierent 
epochs in the life of nations, and by means of which that great 
mass of facts has been accumulated which constitutes at the 
present day the solid basis of the natural sciences. 

Two forms of abstraction conjointly regulate our knowl- 
edge, namely, relations of quantity, comprising ideas of num- 
ber and size, and relations oiqiudityy embracing the consider- 
ation of the specific properties and the heterogeneous nature 
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of matter. The fonner, as being more aceessiUe to the ezer 
cise of thought, appertains to mathematics ; the latter, from 
Its apparent mysteries and greater difficulties, falls under the 
domain of the chemical sciences. In order to submit phe- 
nomena to calculation, recourse is had to a hypothetical con- 
struction of matter by a combination of molecules and atoms, 
whose^number, form, position, and polarity determine, modify, 
or vary phenomena. 

The mythical ideas long entertained of the imponderable 
substances and vital forces peculiar to each mode of organiza- 
tion, have complicated our views generally, and shed an un- 
certain light oa the path we ought to pursue. 

The most various forms of intuition have thus, age aftei 
age, aided in augmenting the prodigious mass of empirical 
knowledge, which in our own day has been enlarged with 
ever-increasing rapidity. The investigating spirit of man 
strives from time to time, with varying success, to break 
through those ancient forms and symbols invented^ to subject 
rebellious matter to rules of mechanical oonstruction. 

We are still very far from the time when it will be possi- 
ble fi>r us to reduce, by the operation of thought, all that we 
perceive by the senses, to the unity of a rational principle. 
It may even be doubted if such a victory could ever be 
a<^eved in the field of natural philosophy. The complica- 
tion of phenomena, and the vast extent of the Cosmos, would 
seem' to oppose such a result ; but even a partial solution of 
the problem — the tendency toward a comprehension of the 
phenomena of the universe — will not the less remain the eter- 
nal and sublime aim of every investigation of nature. 

In conformity with the character of my fermer ^rritings, as 
well as with the labors in which I have been engaged during 
my scientific career, in measurements, experiments, and the 
investigation of facts, I limit myself to the domain of empirical 
ideas. 

The exposition of mutually connected facts does not exelude 
the classificaticm of phenomena according to their rational con- 
nection, the generalization of' many specialities in the great 
mass of observations^ or the attempt to discover laws. Con- 
ceptions of the universe solely based upon reason, and the 
principles of speculative philosophy, would no doubt assign a 
9till more exalted aim to the science of the Cosmos. I am far 
from blaming the efibrts of others solely because their success 
has hitherto remained very doubtful. Contrary to the wishes 
and counsels of those profound and powerful thinkers who 



Digitized 



by Google 



76 COSMOS. 

have g^ven new life to speculations whioh weie already fa- 
miliar to the ancients, systems of natural philosophy have in 
our own country fi>r some time past turned aside the minds 
of men from the graver study of mathematical and physical 
sciences. The abuse of better powers, which has led many 
of our noble but ill-judging youth into the saturnalia of a pure- 
ly ideal science of nature, has been signalized by the intoxica- 
tion of pretended conquests, by a novel and fantastically sym- 
bohcal phraseology, and by a predilection for the formulse of 
' a scholastic rationalism, more contracted in its views than 
any known to the Middle Ages. . I use the expression " abuse 
of better powers," because superior intellects devoted to phil- 
osophical pursuits and experimental sciences have remained 
strangers to these saturnalia. The results yielded by an earn- 
est investigation in the path of experiment can not be at va- 
riance with a true philosophy of nature. If there be any 
contradiction, the fault must He either in the unsoundness oi* 
speculation, or in the exaggerated pretensions of empiricism, 
which thinks that more is proved by experiment than is act- 
ually derivable from it. 

External nature may be opposed to the intellectual world, 
as if the latter were not comprised within the limits of the 
former, or nature may be opposed to art when the latter is 
defined as a manifestation of the intellectual power of man ; 
but these contrasts, which we find reflected in the most cul- 
tivated languages, must not lead us to separate the sphere of 
nature from that of noind, sinee such a separation would re- 
duce the physical science of the world to a mere aggregation 
of empirical specialities. Science does not present itself to 
man until mind conquers matter in striving to subject the 
result of exp^mental investigation to rational combinations. 
Science is the labor of mind applied to nature, but the ex- 
ternal world has no real existence for us beyond the image 
reflected within ourselves through the medium of the senses. 
As intelligence and forms of speech, thought and its verbal 
symbols, are united by secret and indissoluble links, so does 
the external world blend almost unconsciously to ourselves 
with our ideas and feelings. " External phenomena," says 
Hegel, in his Philosophy of History^ ** are in some degree 
translated in our inner representations. ' ' The objective world, 
conceived and reflected within us by thought, is subjected to 
the eternal and necessary conditions of our intellectual being. 
The activity of the mind exercises itself on the elements fur- 
nished to it by the perceptions of the senses. Tkus^ in the 
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early ages of mankind, there manifests itself in the simple in- 
tuition of natural facts, and in the efibrts made to compre- 
hend them, the germ of the philosophy of nature. These 
ideal tendencies Yary,»^and are more or less powerful, accord- 
ing to the individual characteristics and moral dispositions of 
nations, and to the degrees of their mental culture, whether 
attained amid scenes of nature that excite or chill the imag- 
ination. 

History has preserved the record of the numerous attempts 
that have been made to form a rational conception of the 
whole world of phenomena, and to recognize in the universe 
the action of one sole active force by which matter is pene- 
trated, transformed, and animated. These attempts are traced 
in classical antiquity in ^ose treatises on the principles of 
things which emanated from the Ionian school, and in which 
all ^e phenomena of nature were subjected to hazardous 
speculations, based upon a small number of observations. By 
degrees, as the influence of great historical events has favored 
the development of every branch of science supported by ob- 
servation, that ardor has cooled which formerly led men to 
seek the essential nature and connection of things by ideal 
construction and in purely rational prinqiples. In recent 
times, the mathematical portion of natural philosophy has - 
been most remarkably and admirably enlarged. The method 
and the instrument (analysis) have been simultaneously per- ' 
fected. That which has been acquired by means so difierent 
— -by the ingenious application of atomic suppositions, by the 
more general and intimate study of phenomena, and by the 
improved construction of new apparatus — is the common prop- 
erty of mankind, and should not, in our opinion, now, more 
than in ancient times, be withdrawn from the free exercise of 
speculative thought. 

It can not be denied that in this process of thought the 
results of experience have had to contend with many disad- 
vantages ; we must not, therefore, be surprised if, in the per- 
petual vicissitude of theoretical views, as is ingeniously ex- 
pressed by the author of Giordano Bruno^^ " most men see 
nothing in philosophy but a succession of passing meteors, 
while even the grander forms in which she has revealed her- 
self share the fate of comets, bodies that do not rank in pop- 
ular opinion among the eternal and permanent works of na- 

* Schelling^s Bruno, XJeher das Oottliche und NatUraJiche Princip. 
der Dinge, $ 181 (Bruno, on the Divine and Natural Principle of 
Things) 
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lure, but are regarded as mere fi^tive apparitions of igixco«/i 
vapor." We woiild here remark that the abuse of thought, 
^ and the false track it too often pursues, ought not to sanction 
an opinion derogatory to intellect, which would imply that 
the domain of mind is essentially a world of vague fantastic 
illusions, and that the treasures accumulated by laborious ob- 
servations in philosophy are powers hostile to its own emj^. 
It does not become the spirit which characterizes the present 
age distrustfully to reject every generalization of views and 
every attempt to examine into the nature of things by the 
process of reason and induction. It would be a deniaJ of the 
dignity of human nature and the relative importance of the 
faculties with which we are endowed, were we to condemn 
at one time austere reason engaged in investigating eauses 
and their mutual connections, itnd at another that exercise of 
the imagination which prompts and excites discoveries by its 
creative pow^s. 
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DELINEATION OF NATURE. GENERAL REVIEW OF 
NATURAL PHENOMENA. 

When the human mind first attempts to subject to its oon- 
trol the world of physical phenomena, and strives by medita- 
tive contemplation to penetrate the rich luxuriance of living 
nature, and the mingled web of free and restricted natural 
farces, man feels himiseLf raised to a height from whence, as 
he embraces the vast horizon, individual things blend together 
in varied groups, and appear as if shrouded in a vapoiy vail. 
These figurative expressions ard'used in order to illustrate the 
point of view firom whence we would consider the universe 
both in its celestial and terrestrial sphere. I am not insen- 
sible of the boldness of such an undertaking. Among all the 
forma of exposition to which these pages are devoted, there 
is none more difi^cult than the general delineation of nature, 
which we purpose sketching, since we must not allow our- 
selves to be overpowered by a sense of the stupendous rich- 
ness and variety of the forms presented to us, but must dwell 
only on the consideration- of masses either possessing actual 
magnitude, or borrowing its semblance from the associations 
awakened within the subjective sphere of ideas. It is by a 
separation and classification of phenomena, by an intuitive in- 
sight into the play of obscure forces, and b ' animated expres- 
sions, in which the perceptible spectacle is n fiected with vivid 
truthfulness, that we may hope to comprehend and describe 
the universal all (rd rrdv) in a manner worthy of the dignity 
of the word Cosmos in its signification of universe^ order of 
the world, and adornment of this universal order. May the 
immeasurable diversity of phenomena which crowd into the 
picture of nature in no way detract firom that harmonious im- 
pression of rest and unity which is the ultimate object of every 
literary or purely artistical composition. 

Beginning with the depths of space and the regions of re- 
motest nebul®, we will gradually descend through the starry 
zone to which our solar system belongs, to our own terrestrial 
apheroid, circled by air and ocean, there to direct our atten- 
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ticm to iU form, temperature, and magaetic tension, and to 
consi'ler the fullness of organic life unfolding itself upon its 
surface beneath the vivifying influence of light. In this man- 
ner a picture of the world may, with a few strokes, be made 
to include the realms of infinity no less than the minute mi- 
croscopic animal and vegetable organisms which exist in stand- 
ing waters and on the weather-beaten surface of our rocks. 
All that can be perceived by the senses, and all that has been 
accumulated up to the present day by an attentive and vari- 
ously directed study of nature, constitute the materials from 
which this representation is to be drawn, whose character is 
an evidence of its fidelity and truth. But the descriptive pic- 
ture of nature which we purpose drawing must not enter too 
fully into detail, since a minute enumeration of all vital forms, 
natural objects, and processes is not requisite to the complete- 
ness of the undertaking. The delineator of nature must re- 
sist the tendency toward endless division, in order to avoid 
the dangers presented by the v^ abundanee of our empirical 
knowledge. A ccmsiderable portion of the qualitative propei> 
ties of matter — or, to speak more in accordance with the lan- 
guage of natural philosophy, of the qualitative expression of 
forces — is doubtlessly still unknown to us, and the attempt 
perfectly to represent unity in diversity must therefore neces- 
sarily prove unsuccessful. Thus, besides the pleasure derived 
from acquired knowledge, there lurks in the mind of man, 
and tinged with a shade of sadness, an unsatisfied longing for 
something beyond the present — a striving toward regions yet 
nnknown and unopened. Such a sense of longing binds still 
Taster the links which, in accordance with the supreme laws 
of our being, connect the material with the ideal world, and 
animates the mysterious relation existing between that which 
the mind receive^ from without, and that which it reflects 
from its own dc) Jis to the extenial world. If, then, nature 
(understanding by the term all natural objects and phenomena) 
be illimitable in extent and contents, it likewise presents it- 
self to the human ifitellect as a problem which can not be 
grasped,, and whose solution is impossible, since it requires a 
knowledge of che combined action of all natural fi>rces. Such 
an acknowledgment is due where the actual state and pro- 
spective development of phenomena constitute the sole objects 
of direct investigation, which does not venture to depart from 
the strict rules of induction. But, although the incessant ef- 
fort to embrace nature in its universality may remain unsatis- 
fied, the history of the contemplation of the universe (which 
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Will be considered in another part ci tliis work) will teach ufl 
how, in the course of ages, mankind has gradually attained 
to a partial insight into the relative dependence of phenomena. 
My duty is to depict the results of our knowledge in all their 
bearings with reference to the present. In all tiiat is subject 
to motion and change in space, the ultimate aim, the very ex- 
pression of physical laws, depend upon mean numerical values, 
which show us the constant amid change, and the stable amid 
apparent fluctuations of phenomena. Thus the progress of 
modem physical science is especially characterized by the at- 
tainment and the rectification of the mean values of certain 
quantities by means of the processes of weighing and meas- 
uring ; and it may be said, that the only remaining and wide- 
ly-diffused hieroglyphic characters still in our writing — ntwir 
bers — appear to us again, as powers of the Cosmos, although 
in a wid^ sense than that applied to them by the Italian 
School. 

The earnest investigator delights in the simplicity of nu- 
merical relations, indicating the dimensions of the celestial 
regions, the magnitudes and periodical disturbances of the 
heavenly bodies, the triple elements of terrestrial magnetism, 
the mean pressure of the atmosphere, and the quantity of heat 
which the sun imparts in each year, and in every season of the 
year, to all points of the solid and hqijid surface of our planet. 
These sources of enjoyment do not, however, satisfy the poet 
of Nature, or the mind of the inquiring many. To both of 
these the present state of science appears as a blank, now that 
she answers doubtingly, or wholly rejects as unanswerable, 
questions to which former ages deemed they could furnish 
satisfactory replies. In her severer aspect, and clothed with 
less luxuriance, she shows herself deprived of that seductive 
charm with which a dogmatizing and symbolizing physical 
philosophy knew how to deceive the understanding and give 
the rein to imagination. Long before the discovery of the 
New World, it was believed that new lands in the Far West 
might be seen from the shores of the Canaries and the Azores. 
These illusive images were owing, not to any extraordinary 
refraction of the rays of light, but produced by an eager long- 
ing for the distant and the unattained. The philosophy of 
the Greeks, the physical views of the Middle Ages, aiul even 
those of a more recent period, have been eminently imbued 
with the charm springing from similar illusive phantoms of 
the imagination. At the limits of circumscribed knowledge, 
as from some k>ify island shore, the eye delights to penetrate 
/ D2 
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to distant zegions. The belief in the uncommon and the won- 
derful lends a definite outline to every manifestation oif ideal 
creation ; - and the realm of fancy — a fairy-land of cosmolog- 
ical, geognostical, and magnetic visions — becomes thus invol- 
untarily blended with the domain of reality. 

Nature, in the manifold signification of the word — ^whether 
considered as the universality of all that is and ever will be — 
as the inner moving force of all phenomena, or as their mys- 
terious prototype — ^reveals itself to the simple mind and feel- 
ings of man as something earthly, and closely allied to him- 
self. It is only within the animated circles of organic struc- 
ture that we feel ourselves peculiarly at home. Thus, 
wherever the earth unfolds her fruita and flowers, and gives 
£x)d to countless tribes of animals, there the image of nature 
impresses itself most vividly upon our senses. The impression 
thus produced upon our minds limits itself almost exclusively 
jto the refiection of the earthly. The starry vault and the 
wide expanse of the heavens belong to a picture of the uni- 
verse, in which the magnitude of masses, the number of con- 
gregated suns and faintly glimmering nebul®, although they 
excite our wonder and astonishment, manifest themselves to 
us in apparent isolation, and as utterly devoid of all evidence 
of their being the scenes of organic life. Thus, even in the 
earliest physical views of mankind^ heaven and earth have 
been separated and opposed to one another as an upper and 
lower portion of space. If, then, a picture of natuje were to 
correspond to the requirements of contemplation by the senses, 
it ought to begin with a delineation of our native earth. It 
should depict, first, the terrestrial planet as to its size and 
form ; its increasing density and heat at increasing depths in 
its superimposed solid and liquid* strata ; the separation of sea 
and land, and the vital forms animating both, developed in 
the cellular tissues of plants and animals ; the atmospheric 
ocean, with its waves and currents, through which pierce the 
forest-crowned summits of our mountain chains. After this 
delineation of purely telluric relations, the eye would rise, to 
the celestial regions, and the Earth would then, as the well- 
known seat of organic development, be considered as a planet, 
occupying a place in the series of those heavenly bodies which 
circle round one of the innumerable host of self-luminous stars. 
This succession of ideas indicates the course pursued in the 
earliest stages of perceptive contemplation, and reminds us of 
the ancient conception of the " sea-girt disk of earth," sup- 
porting the vault of heaven. It begins to exercise its action 
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at the spot where it originated, and passeg from the confiide^ 
ation of the known to the unknown, of the near to the distant 
It corresponds with the method pursued in our elementary . 
works on astronomy (and which is so admirable in a mathe^ 
matical point of view), of proceeding from the apparent to the 
real movements of the heavenly bodies. 

Another course of ideas must, however, be pursued in a 
work which proposes merely to give an exposition of what is 
known — of what may in the present state of our knowledge 
be regarded as certain, or as merely probable in a greater or 
lesser degree— and does not enter into a consideration of the 
prods on which such results have been based. Here, there- 
fore, we do not proceed from the subjective point of view of 
human interests. The terrestrial must be treated only as a 
part, subject to the whole. The view of nature ought to be 
grand and free, uninfluenced by vmotives of proximity, social 
sympathy, or relative utility. A physical cosmography — a 
picture of the universe-^does not begin, therefore, with the 
terrestrial, but with that which fills the regions of space. But 
as the sphere of contemplation contracts in dimension our per- 
ception of the richness of individual parts, the fullness of phys- 
ical phenomena, and of the heterogeneous properties of mat- 
ter becomes enlarged. From the regions in which we rec- 
ognize only the dominion of the laws of attraction, we de- 
scend to our own planet, and to the intricate play of terrestrial 
forces. The method here described for the delineation of na- 
ture is opposed to that which must be pursued in establish- 
ing conclusive results. The one enumerates what the other 
demonstrates. 

Man learns to know the external world through the organs 
of the senses. Phenomena of light proclaim the existence of 
matter in remotest space, and the eye is thus made the me- 
dium through which we may contemplate the universe. The 
discovery of telescopic vision more than two centuries ago, has 
transmitted to latest generations a power whose limits are as 
yet unattained. 

The firbt and most general consideration in the Cosmos is 
that of the ccnUents of space — ^the distribution of matter, or 
of creation, as we are wont to designate the assemblage of all 
j^at is and ever wiU be developed. We see matter either 
agglomerated into rotating, revolving spheres of different dens- 
ity and size, or scfattered through space in the form of self- 
luminous vapor. If we consider £rst the cosmical vapor dis 
persed in definite nebubus spots, its state of aggregation will 
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appear constantly to vary, Bometimes appearing separated intu 
round or elliptical disks, single or in pairs, occasionally con- 
nected by a thread of light ; while, at another time, these 
nebulas occur in forms of larger dimensions, and are either 
elongated, or variously branched, or fan-shaped, or appear like 
well-defined rings, inclosing a<dark interior. It is conjectured 
that these bodies are undergoing variously developed formative 
processes, as the cosmical vapor becomes condensed in con- 
formity with the laws of attraction, either round one or more 
of the nuclei. Between two and three thousand of such un- 
resolvable nebulse, in which the most powerful telescopes have 
hitherta been unable to distinguish the presence of stars, have 
been counted, and their positions determined. 

The genetic evolution — that perpetual state of developmex^t 
which seems to affect this portion of the regions of space — 
has led philosophical observers to the discovery of the analogy 
existing among organic phenomena. As in our forests we see 
the same kind of tree in all the various stages of its growth, 
and are thus enabled to form an idea of progressive, vital de- 
velopment, so do we also, in the great garden of the universe, 
recognize the most different phases of sidereal formation. The 
process of condensation, which formed a part of the doctrines 
of Anaximenes and of the Ionian School, appears to be going 
on before our eyes. This subject of investigation and conject- 
ure is especially attractive to the imagination, for in the study 
of the animated circles of nature, and of the action of all the 
moving forces of the universe, the charm that exercises the 
most powerful influence on the mind is derived less from a 
knowledge of that which is than from a perception of that 
which taiU be, even though the latter be nothing more than 
a new condition of a known material existence ; for of actual 
creation, of origin, the beginning of existence from non-exist- 
ence, we have no experience, and can therefore form no con- 
ception. 

A comparison of the various causes influencing the develop- 
ment ma<4ifested by the greater or less degree of condensation 
in the interior of nebulse, no less than a successive course of 
direct observations, have led to the belief that changes of form 
have been recognized first in Andromeda, next in the constel- 
latiou Argo, and in the isolated filamentous portion of the 
nebula in Orion. But want of uniformity in the power of the 
instruments employed, different conditions of our atmos'phere, 
and other optical gelations, render a part of thp resultji invahd 
a9 historical evidence. 
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NdmUms stars must not be confounded either with irrega- 
larly-shaped nebaloiis spots, properly so called, whose separate 
parts have an unequal degree of brightness (and which may, 
perhaps, become concentrated into stars as their circumfer^ice 
contracts), nor with the so-called planetary nebulc, whose cir- 
cular or slightly oval disks manifest in all their parts a per- 
fectly uniform degree of faint light.* N^mUms stars are not 
merely accidental bodies projected upon a nebulous ground, 
but are a part of the nebulous matter constituting one mass 
with the body which it surrounds. The not unfrequently con- 
siderable magnitude of their apparent diameter, and the re- 
mote distance from which they are revealed to us, show that 
both the planetary nebulas and the nebulous stars must be of 
enormous dimensions. New and ingenious considerations of 
the difierent influence exercised by distance* on the intensity 
of light of a disk of appreciable diameter, and of a single self- 
luminous point, render it not improbable that the planetary 
nebuliB are very remote nebulous stars, in which the difier- 
ence between the central body and the surrounding nebulous 
covering can no longer be detected by our telescopic instru- 
ments. 

The magnificent zones of the southern heavens, between 
50° and 80°, are especially rich in nebulous stars, and in com- 
pressed unresolvable nebulse. The larger of the two Magel- 
lanic clouds, which circle round the starless, desert pole of the 
south, appears, according to the most recent researches,! as 
" a collection of clusters of stars, composed of globular clusters 
and nebulsB of different magnitude, and of large nebulous spots 

* The optical consideratioiiB relative to the difierence presented by 
A single luminous point, and b^ a disk subtending an appreciable angle, 
in which the intensity of light is constant at every distance, are explain- 
ed in Arago^s Analyse des Travaux de Sir William Herschel (Annuaire 
du Bureau des Long., 1842, p. 410-412, and 441). 

t The two Magellanic clouds, Nubecula major and Nubecula minor, 
are very remarkable objects. The larger of the two is an accumulated 
mass of stars, and consists of clusters of stars of irregular form, either 
conical masses or nebolee of different magnitudes and degrees of con- 
densation. This is interspersed with nebulous spots, not re^lvable 
into stars, but which are probably star dust, appearing only as a ^ener^l 
radiance upon the telescopic field of a twenty-feet reflector, and form- 
ing a luminous ground on which other objects of striking and inde- 
scribable form are scattered. In no pther portion of the heavens ai-e 
so many nebulous and stellar masses thronged together in an equally 
small space. Nubecula minor is much less beautiful, has more unre- 
solvable nebulous light, while the stellar masses are fewer and fainter 
in intensity. — (From a letter of Sir John Herschel, Feldhuysen, Cape 
of Good Hope, 13th June, 1836.) 
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not resolvable, which, producing a general brightness in the 
field of view, form, as it were, the back-ground of the picture." 
The appearance of these clouds, of the brightly-beaming con- 
stellation Argo, of the Milky Way between Scorpio, the Cen- 
taur, and the Southern Cross, the picturesque beauty, if one 
may so speak, of the whole expanse of the southern celestial 
hemisphere, has left upon my mind an inefiaceable impression. 
The zodiacal light, which rises in a pyramidal form, and con- 
stantly contributes, by its mild radiance, to the external beauty 
of the tropical nights, is either a vast nebulous ring, rotating 
between the Earth and Mars, or, less probably, the exterior ' 
stratum of the solar atmosphere. Besides these luminous clouds 
and nebulffi of definite form, exact and corresponding observa^ 
tions indi^a.16 the existence and the general (^stribution of an 
apparently non-luminous, infinitely-divided matter, Which pos 
sesses a force of resistance, and manifests its presence in Enoke's, 
and perhaps also in Biela's comet, by diminishing their eccen- 
tricity and shortening their period of -revolution. Of this im- 
peding, ethereal, and cosmical matter, it may be supposed that 
it is in motion ; that it gravitates, notwithstanding its original 
tenuity ; that it is condensed in the vicinity of the great mass 
of the Sun ; and, finally, that it may, for myriads of ages, 
have been augmented by the vapor emanating from the tails 
of comets. 

If we now pass from the ccmsideration of the vaporous mat- 
ter of the immeasurable regions of space (ovpavov x^"^^)* 
—whether, scattered without definite form and limits, it ex- 
ists as a cosmical ether, or is condensed into nebulous spots, 
and becomes comprised among the solid agglomerated bodies 
of the universe — ^we approach a class of phenomena exclusive- 
ly designated by the term of stars, or as the sidereal world. 

* I shoald have made ase, in the place of garden of the universe, of 
the beaatiful expression x^P'^^C oipavoHf borrowed by Hesycbins from 
an unknown poet, if ;)f6proc had not rather signified in general an in- 
closed space. The connection with the Grerman garten and the En- 
glish gard^f gards in Gothic (derived, according to Jacob Grimm, from 
gairdaiiy to gird)j is, however, evident, as is likewise the affinity with 
the Sclavonic grad.,jtorod^ and as Pott remarks, in his Etymol. Forschun- 
gen, th. i., s. 144 (Etymol. Researches), with the Latin chor$j whence 
we have the Spanish corte, the French eour, and the English word court, 
together with the Ossetic kkart. To these may be further added the 
Scandinavian gard^*- gdrd, a place inclosed, as a court, or a counti-y 
seat, and the Persian gerd, gird, a district, a circle, a princely country 
leat, a castle or city, as we find the term applied to the names of places 
in Firdusi's Schahnameh, as 8iyawak»chgirdy Darabgird, &c. 

» (Tliis word is written ^aard in the Danish.]— TV. 
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Here, too, we find difierenoes existing in the solidity or dennty 
of the spheroidally agglomerated matter. Oar own solar sys- 
tem presents all stages of ?nean density (or of the relation of 
vdume to mass,) On comparing the planets from Mercury 
to Mars with Uie Sun and with Jupiter, and these two last 
named with the yet inferior density of Saturn, we arrive, by 
a descending scale — ^to draw our illustration from terrestriad 
substances — ^at the respective densities of antimony, honey, 
water, and pine wood. In comets, which actually constitute 
the most considerable portion of our solar system with respect 
to the number of individual forms, the concentrated part, 
usually termed the heady or nudeuSy transmits sidereal fight 
unimpaired. The mass of a comet probably in no case equals 
the five thousandth part of that of the earth, so dissimilar are 
the ibrmative processes manifested in the original and perhaps 
still progressive agglomerations of matter. In proceeding from 
general to special considerations, it was particularly desirable 
to draw attention to this diversity, not merely as a possible, 
but as an actually proved fact. 

The purely speculative conclusions arrived at by Wright, 
Kant, and Lambert, concerning the general structur^ ar- 
rangement of the universe, and of the distribution of matter 
in space, have been confirmed by Sir William Herschel, on 
the more certain path of observation and measurement. That 
great and enthusiastic, although cautious observer, was the 
first to sound the depths of heaven in order to determine the 
limits and form of the starry stratum which we inhabit, and 
he, too, was the first who ventured to throw the light of inves- 
tigation upon the relations existing between the position and 
distance of remote nebuks and our own portion of the sidereal 
universe. WiUiam Herschel, as is well expressed in the ele* 
gant inscription on his monument at Upton, broke through the 
indosures of heaven {cadarum perrupit cUmstra), and, likp 
another Columbus, penetrated into an unknown ocean, firom 
. which he beheld coasts and groups of islands, whose true po- 
sition it remains for fixture ages to determine. 

Considerations regarding the difierent intensity of light in 
stars, and their relative number, that is to say, their numeric- 
al firequency on telescopic fields of equal magnitude, have led 
to the assumption of unequal distances and distribution in i^ace 
in the strata which they compose. Such assumptions, in as 
far as they may lead us to draw the limits of the individual 
portions of the universe, can not ofier the same degree of math- 
ematical certainty as that which may be attained in all that 
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relates to our solar system, whether we ^consider the rotatioQ 
of double stars with unequal velocity round one common cen- 
ter of gravity, or the apparent or true movements of all the 
heaveidy bodies. If we take up the physical description of 
the universe from the remotest nebulae, we may be inclined 
to compare it with- the mythical portions of history. The one 
begins k" the obscurity of antiquity, the other in that of inao- 
cessiblo ^space ; and at the point where reality seems to flee 
before us, imagination becomes. doubly incited to draw from 
its own fullness, and give definite outline and permanence to 
the changing forms of objects. 

If we compare the regions of the universe with- one of the 
island-studded seas of our own planet, we may imagine mat- 
ter to be distributed in groups, either as unresolvable nebul» 
of diflerent ages, condensed around one or more nuclei, or as 
already agglomerated into clusters of stars, or isolated sphe- 
roidal bodies. The cluster of stars, to which our cosmical isl- 
and belongs, forms a lens-shaped, flattened stratum, detached 
on every side, whose major axis is estimated at seven or eight 
hundred, and its minor one at a hundred and fifty times the 
distance of Sirius. It would appear, on the supposition that 
the parallax of Sirius is not greater than that accurately de- 
termined for the brightest star in the Centaur (0'^'9128), that 
fight traverses one distance of Sirius in three years, while it 
also follows, from Bessel's earlier excellent Memoir* on the 
parallax of the remarkable star 61 Cygni {0''*3483), (whose 
considerable motion might lead to the inference of great prox- 
imity), that a period of nine years and a quarter is required 
for the transmission of light from this star to our planet. Our 
starry stratum is a disk of inconsiderable thickn^, divided a 

• See Maclear's " Results from 1839 to 1840," in the Trans, of the 
Astronomical Soe., vol. xii., p. 370, on a Centanri, the probable mean 
error being 0"*0640. For 61 Cygni, see Bessel, in Schamacher's Jahr-. 
ffuch, 1839, 8. 47, and Schnmacher's Astron. Nachr., bd. xviii., s. 401, 
402, probable mean error, 0''*0141. With reference to the relative 
distances of stars of different magnitudes, how those of the third mag- • 
nitude may probably be three times more remote, and the manner in 
which we represent to ourselves the materiid arrangement of the starry 
strata, I have found the following remarkable passage in Kepler s 
Epitome AstronomitB Coperrdcanat 1618, L i., lib. 1, p. 34-39: '*Sol 
hie noster nil aliud est quam una ex fixiSf nobis major et clarior visa, 
quia propior quamfixa. Pone terram stare ad lotus, una semi^iamelro 
via lacte€B, tunc hac via lactea apparebit cireulus parvus, veL ellipsis par- 
va, tota declinans ad latus alteram; eritque simul uno intuitu conspicva, 
qua nunc non potest nisi dimidia contpici quovis momento. Itaquefix- 
arum sphara non tantum orbe stellarum, sed etiam eireulo lactis versus 
nos deorsMM eat termimUa." 
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third of its length into two branches ; it is supposed that vn 
are near this division, and nearer to the region of Sirius than 
to the constellation Aquila, almost in the middle of the stra- 
tum in the line of its thickness or minor axis. 

This position of our solar system, and the form of the whole 
discoidal stratum, have been inferred from sidereal scales, that 
is to say, £rom that method of counting the stars to which I 
have already alluded, and which is based upon the equidistant 
subdivision of the telescopic £eld of view. The relative depth 
of the stratum in all directions is measured by the greater or 
smaller number of stars appearing in each division. These 
divisions give the length of ihe ray of vision in the same man- 
ner as we measure the depth to which the plummet has been 
thrown, before it reaches the bottom, although in the case of 
a starry stratum there can not, correctly speaking, be any idea 
of depth, but merely of outer limits. In the direction of the 
longer axis^ where the stars lie behind one another, the more 
remote ones appear closely crowded together, united, as it were, 
by a milky-white radiance or lumii\pus vapor, and are perspec- 
tively grouped, encircling, as in > zone, the visible vault of 
heaven. This narrow and branched girdle, studded with ra- 
diant light, and here and there interrupted by dark spots, de- 
viates only by a few degrees from forming a perfect large cir- 
cle round the concave sphere of heaven, owing to our being 
near the center of the laige starry cluster, and almost on the 
plane of the Milky Way. If our planetary system were far 
outside this cluster, the Milky Way would appear to tele- 
scopic vision as a ring, and at a still greater distance as a re- 
solvable discoidal nebula. 

Among the many self-luminous moving suns, erroneously 
called Jixed stars, which constitute our cosmical island, our 
own sun is the only on& known by direct observation to be a 
central body in its relations to spherical agglomerations of 
matter directly depending upon and revolving round it, either 
in the form oi planets, Tsomets, or aerolite asteroids. As far 
as we have hitherto been able to investigate midtiple stars 
(double stars or suns), these bodies are not subject, with re- 
spect to relative motion and illumination, to the same planet- 
ary dependence that characterizes our own solar system. Two 
or more self-luminous bodies, whose planets and moon, if such 
exist, have hitherto escaped our telescopic powers of vision, 
certainly revolve around one common center of gravity ; but 
this is in a portion of space which is probably occupied merely 
by unagglomerated matter or cosmical vapor, while in our sys* 
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tern the center of gravity is often comprised within the inner- 
most limits of a visible central body. If, therefore, we regard 
. the Sun and the Earth, or the Earth and the Moon, as double 
stars, and the whole of our planetary solar system as a multi- 
ple cluster of stars, the analogy thus suggested must bo limit- 
ed to the universality of the laws of attraction in difierent sys- 
tems, being alike applicable to the independent processes of 
light and to the method of illumination. 

For the generalization of cosmical views, corresponding with 
the plan we have proposed to follow in giving a delineation of 
nature or of the universe, the solar system to which the Earth 
belongs may be considered in a two-fold relation : first, with 
respect to the difierent classes of individually agglom^ated 
matter, and the relative size, conformation, density, and dis- 
tance of the heavenly bodies of this system ; and', secondly, 
with reference to other portions of our starry cluster, and of 
the changes of position of its central body, the Sun. 

The solar system, that is to say, the variously-^rmed matter 
circling round the Sun, consists, according to the present state 
of our knowledge, of eleven primary planets,^ eighteen satel- 

^ * [Since the pablication of Baron Humboldt's work in 1845, several 
other planets have been discovered, making the number of those be- 
longing to our planetary system rixteen instead of eleven. Of these, 
Astrea, Hebe, Flora, and Iris are members of the remarkable groap 
of asteroids between Mars and Jupiter. Astrea and Hebe were dis- 
covered by Hencke at Driesen, the one in 1846 and the other in 1847 : 
Flora and Iris were both discovered in 1847 by Mr. Hind, at the South 
Villa Observatoiy, Regent's Park. It would appear from the latest de- 
terminations of their elements, that the small planets have the following 
order with respect to mean distance from the Sun : Flora, Iris, Vesta, 
Hebe, Astrea, Juno, Ceres, Pallas. Of these, Flora has the shortest 
period (about 3^ years). The planet Neptune, which, after having 
been predicted by sevenl astronomers, was actually observed on the 
25th of September, 1846, is situated on the confines of our planetary 
system beyond Uranus. The discovery of this planet is not only highly 
interesting from the importance attached to it as a question of science; 
but also from the evidence it affords of the care and unremitting labor' 
evinced by modem astronomers in the investi^tion and comparison of 
the older calculations, and the ingenious application of the results thus 
obtained to the observation of new facts. The merit of having paved 
the way for the discovery of the planet Neptune is due to M. Bouvard, 
who, in his persevering and assiduous efibrts to deduce the entire orbit 
of Uranus from observations made during the forty years that succeed- 
ed the discovery of that planet in 1781, found the results yielded by 
theory to be at variance with fact, ia a degree that had no parallel in 
the history of astronomy. This startling discrepancv, which seemed 
only to gain additional weight from every attempt made by M. Bouvard 
to correct his calculations, led Leverrier, after a careful modification of 
the tables of Bouvard* to establish the proposition that there was *' a 
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iites or secondary planets, and myriads of comets,^three of 
which, known as the "planetary comets," do not pass heyond 
the narrow limits of the orbits described by the principal 
planets. We may, with no inconsiderable degree of proba« 
bility, include within the domain of our Sun, in the immedi- 
ate sphere of its central force, a rotating ring of vapofous mat- 
ter, lying probably between the orbits of Venus and Mars, but 
certainly beyond that of the Earth,** which appears to us in 

formal incompatibility between the observed . motions of Uranus and 
the hypothesis that he was acted on otdy by the Son and known plan- 
ets, according to the law of universal gravitation." Pursuing this idea, 
Leverrier arrived at the conclasion that the disturbing cause must be a 
planet, and, finally, after an amount of labor that seems perfectly ovep- 
whelming, he, on the 31st of August, 1846, laid before the French In- 
stitute a paper, i^ which he indicated the exact spot in the heavens 
where this new planetary body would be found, giving the following 
data for its various elements : mean distance from the Sun, 36*154 times 
that of the Earth; period of revolution, 217*387 years; mean long., 
Tan. Ist, 1847, 318^-47'; mass, ^^Vir^^^ heliocentric long., Jan. Ist, 
1847, 326^ 32\ Essential difficulties still intervened, however, and as 
the remoteness of the planet rendered it improbable Ihat its disk would 
be discernible by any telescopic instrument, no other means remained 
for detecting the suspected body but its planetary motion, which could 
only be ascertained by mapping, after every observation, the quarter 
of the heavens scanned, ana by a comparison of the various maps. 
Fortunately for the veHfication of Leverrier's predictions. Dr. Bremiker 
had just completed a map of the precise region in which it was expect- 
ed the new planet would appear, this being one of a series of mapa 
made for the Academy of Benin, of the small stars along the entire zo- 
diac. By means of this valuable assistance, Dr. Qalle, of the Berlin 
Observatory, was led, on the 25th of September, 1846, by the discov- 
ery of a star of the. eighth magnitude, not recorded in Dr. Bremiker*8 
map, to make the first observation of the planet predicted by Leverrier. 
By a singular coincidence, Mr. Adams, of Cambridge, had predicted 
the appearance of the planet simultaneously with M. Leverrier; but 
by the concurrence of several circumstances much to be regretted, the 
world at large were not made acquainted with Mr. Adams*s valuable 
discovery until subsequently to the period at which Leverrier published 
his observations. As the data of Leverrier and Adams stand at present, 
there is a discrepancy between the predicted and the true distance, and 
in some other elements of the planet ; it remains, therefore, for these 
or future astronomers to reconcile theory with fact, or perhaps, as in 
the case of Uranus, to make the new planet the means of leading to yet 
greater discoveries. It would appear from the most recent observations, 
that the mass of Neptune, instead of being, as at first stated, ^^Vir^^' ^^ 
only about TifJifTfth that of the Sun, while its periodic time is now given 
with a greater probability at 166 years, and its mean distance from the 
Sun nearly 30. The planet appears to have a ring, but as yet no ac- 
curate observations have been inade regarding its system of satellites. 
Bee I'rans.Aairon.Soc.f and The Planet Neptune, 1848, by J. P. NichoU.] 
— Tr. 
• " If there should be molecules in the zones diffused hy the atmt )• 
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a pyramidal form, and is known as the Zodiacal Idght ; and 
a host of very small asteroids, whose orhits either intersect, or 
very nearly approach, that of our earth, and which present lis 
with the phenomena of aerolites and falling or shooting stars. 
When we consider the complication of variously-formed bodies 
which revolve round the Sun in orbits of such dissimilar ec- 
centricity — although we may not be disposed, with the im- 
mortal author of the Micaniqtie CUeste, to regard the larger 
number of comets as nebulous stars, passing from one central 
system to another,* we yet can not fail to acknowledge that 
the planetary system, especially so called (that is, the group 
of heavenly bodies which, together with their satellites, re- 
volve with but slightly eccentric orbits round the Sun), con- 
stitutes but a small portion of the whole system with respect 
to individual numbers, if not to mass. 

It has been proposed to consider the telescopic planets, Ves- 
ta, Juno, Ceres, and Pallas, with their more closely intersect- 
ing, incUned, and eccentric orbits, as a zone of separation, or 
as a middle group in space ; and if this view be adopted, we 
shall discover that the interior planetary group (consisting of 
Mercury, Venus, the Earth, and Mars) presents several very 
striking contrastst when compared with the exterior group, 
comprising Jupiter, Saturn, and Uranus. The planets near- 
est the Sun, and consequently included in the inner group, are 
of more moderate size, denser, rotate more slowly and with 
nearly equal velocity (their periods of revolution being almost 
all about 24 hours), are less compressed at the poles, and, with 
the exception of one, are without satellites. The exterior 
planets, w^hich are further removed from the Sun, are very 
considerably larger, have a density five times less, more than 
twice as great a velocity in the period of their rotation round 
their axes, are more compressed at the poles, and if six satel- 
lites may be ascribed to Uranus, have a quantitative prepon- 
derance in the number of their attendant moons, which is as 
seventeen to one. 

phere of the San of too volatile a nature either to combine with one 
another or with th& planets, we must suppose that they would, in cir- 
cling round that luminary, present all the appearances of zodiacal light, 
without opposing any appreciable resistance to the different bodies com- 
posing the planetary system, either owing to their extreme rarity, or 
to the simiUurity existing between their motion and that of the planets 
^with which they come in contact." — Laplace, Expo$. du 8yti, du Monda 
(ed. 5), p. 415. 

• Laplace, Exp. du 8yst du Monde, p. 396, 414. 

t Littrow, AstronomiCf 1825, bd. xi., $ 107. Madler, Aslron,, 1841, 
t 212. Laplace, Exp, d* 8yU, du Monde, p. 2 LO. 
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Such general considerations re^gaxding certain characteristic 
properties appertaining to whole groups, can not, however, b^ 
applied with equal justice to the individual planets of every 
group, nor to the relations between the distances of the re vol v- 
ing planets from the central body, and their absolute size, 
density, period of rotation, eccentricity, and the inclination of 
their orbits and the axes. We know as yet of no inherent ne- 
cessity, no mechanical natural law, similar to the one which 
teaches us that the squares of the periodic times are propor- 
tional to the cubes of the major axes, by which the above- 
named ax elements of the planetary bodies and the form of 
their orbit are made dependent either on one another, or on 
-their mean distance from the Sun. Mars is smaller than the 
Earth and Venus, although further removed from the Sun 
than these last-named planets, approaching most nearly in size 
to Mercury, the nearest planet to the Sun. Saturn is smaller 
than Jupiter, and yet much larger than Uranus. The zone 
of the telescopic planets, which have so inconsiderable a vol 
ume, immediately precede Jupiter (the greatest in size of any 
of the planetary bodies), if we consider them with regard to 
distance from the Sun ; and yet the disks of these unaU aster- 
oids, which scarcely admit of measurement, have an areal sur- 
face not much more than half that of France, Madagascar, or 
Borneo. However striking may be the extremely small dens- 
ity of all the colossal planets, which are furthest removed from 
the Sun, we are yet unable in this respect to recognize any 
regular succession.* Uranus appears to be denser than Sat- 
urn, even if we adopt the smaller mass, 77^7* assumed by 
Lament ; and, notwithstanding the inconsiderable difierence 
of density observed in the innermost planetary group,t we find 
both Venus and Mars less dense than the Earth, which lies 
between them. The time of rotation certainly diminishes 
with increasing solar distance, but yet it is greater in Mars 
than in the Earth, and in Saturn than in Jupiter. The el- 

* See Kepler, on the i]icrea«in^ density and volume of tha planets in 
proportion with their increase oi distaQce from the San, which is de* 
scribed as the densest of all the heavenly bodies; in the Epitome Aw- 
iron. Copem, in vii. libros digetta, 1618-1622, p. 420. Leibnitz also in- 
clined to the opinions of Kepler and Otto yon Guericke, that the plan- 
ets increase in volume in proportion to their increase of distance from 
the San. See his letter to the Magdeburg Burgomaster (Mayence, 
1671), in Leibnitz, Deuisehen SchrifieUf herausg. von Ouhrauer, th. i., 
$ 264. 

t On the arrangement of masses, see Encke, in Sebum., Attr. Nachr. 
1843 Nr. 488, $ 114. 
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liptic orHts of Juno, Pallas, and Mercury have the greatest 
degree of eccentricity, and Mars and Venus, which imraedi^ 
ately follow each other, have the least. Mercury and Venug 
exhihit the same contrasts that may he ohserved in the four 
smaller planets, or asteroids, whose paths are so closely inter- 
woven. 

The eccentricities of Juno and Pallas are very nearly id«i- 
tical, and are each three times as great as those of Ceres and 
Vesta. The same may he said of the inclination of the brhits 
of the planets toward the plane of projection of the ecliptic, ox 
in the position of their axes of rotation with relation to their 
orhits, a position on which the relatious of climate, seasons of 
the year, and length of the days depend more than on eccen^ 
tricity. Those planets that have the most elongated elliptic 
orhits, as Juno, Pallas, and Mercury, have also, although not 
to the same degree, their orhits most strongly inclined toward 
the ecliptic. Pallas has a comet-like inclination nearly twen- 
ty-six times greater than that of Jupiter, while in the httle 
planet Vesta, which is so near Pallas, the angle of inclination 
scarcely hy six times exceeds that of Jupiter. An equally ir- 
regular succession is ohserved in the position of the axes of 
the few planets (four (Sr five) whose planes of rotation we 
know with any degree of certainty. It would appear from 
the position of the satellites of Uranus, two of which, the sec- 
ond and fourth, have been recently observed with certainty, 
that the axis of this, the outermost of all the planets, is scarce- 
ly inclined as much as 11° toward the plane of its orbit, while 
Saturn is placed between this planet, whose axis almost coin- 
cides with the plane of its orbit, and Jupiter, whose axis of 
rotation is nearly perpendicular to it. 

In this enumeration of the forms which compose the world 
in space, we have delineated them as possessing an actual ex- 
istence, and not as objects of intellectual contemplation, or as 
mere links of a mental and causal chain of connection. The 
planetary system, in its relations of absolute size and relative 
position of the axes, density, time of rotation, and difierent de- 
gress of eccentricity of the orbits, does not appear to offer to 
our apprehension any stronger evidence of a natural necessity 
than the proportion observed in the distribution of land and 
water on the Earth, the configuration of continents, or the 
height of mountain chains. In these respects we can discover 
no common law in the regions of space or in the inequalities 
of the earth's crust. They are facts in nature that have 
arisen ftom the conflict of manifold forces acting under un- 
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known conditions, although man considers as accidental what' 
ever he is unable to explain in the planetary formation on pure- 
ly genetic principles. If the planets have been formed out of 
separate rings of vaporous matter revolving round the Bun, 
we may conjecture that the difierent thickness, unequal dens- 
ity, temperature, and electro-magnetic tension of these rings 
may have^iveh occasion to the most various agglomerations 
of matter, in the same manner as the amount of tangential 
velocity and small variations in its direction have produced so 
great a difierence in the forms and inclinations of the elliptic 
orbits. Attractions of mass and laws of gravitation have no 
doubt exercised ah influence here, no less than in the geog- 
nostic relations of the elevations of continents ; but we are un- 
able from, present forms to draw any conclusions regarding the 
series of conditions through which they have passed. Even 
the so-called law of the distances of the planets from the Sun, 
the law of progression (which led Kepler to conjecture the ex- 
istence of a planet supplying the link that was wanting in the 
chain of connection between Mars and Jupiter), has been found 
numerically inexact for the distances between Mercury, Venus, 
and the Earth, and at variance with the conception of a series, 
owing to the necessity for a supposition in the case of the first 
member. 

The hitherto discovered principal planets that revolve round 
our Sun are attended certainly by fourteen, and probably by 
eighteen secondary planets (moons or satellites). The princi- 
pal planets are^ therefore, themselves the central bodies of sub- 
ordinate systems. We seem to recognize in the fabric of the 
universe the same process of arrangement so frequently ex- 
hibited in the development of organic life, where we find in 
the manifold combinations of groups of plants or animals the 
same typical form repeated in the subordinate dosses. The 
secondary planets or satellites are more frequent in the extern- 
al region of the planetary system, lying beyond the intersect- 
ing orbits of the smaller planets or asteroids ; in the inner re- 
gion none of the planets are attended by satellites, with the 
exception of the Earth, whose mocm ia relatively of great mag- 
nitude, since its diameter is equal to a fourth of that of the 
Earth, while the diameter of the largest of all known second- 
ary planets — the sixth satellite of Saturn — ^is probably about 
one seventeenth, and the largest of Jupiter's moons, the third, 
only about one twenty-sixth part that of the primary planet 
or central body. The planets which are attended by the 
largest number of satellites aure most remote from the Sun, 
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and are at the same time the largest, most compressed at the 
poles, and the least dense. According to the most recen^ 
measurements of Madler, Uranus has a greater planetary 
compression than any other of the planets^ viz., ^.^^d. In our 
Earth and her moon, whose mean distance from one another 
amounts to 207,200 miles, >ve find that the difierences of 
mass'i^ and diameter hetween the two are much less consider- 
ahle than are usually ohserved to exist hetween the principal 
planets and their attendant satellites, or hetween hodies of 
different orders in the solar system. While the density of the 
JI\Ioon is five ninths less than that of the Earth, it would ap- 
pear, if we may sufficiently depend upon the determinations 
of their magnitudes and masses, that the second of Jupiter's 
moons is actually denser than that great planet itself. Among 
the fourteen satellites that have heen investigated with any 
degree of certainty, the system of the seven satellites of Satum 
presents an instance of the greatest possible contrast, both in 
absolute magnitude and in distance from the central, body. 
The sixth of these satellites is probably not much smaller thaa 
Mars, while our moon has a diameter which does not amount 
to* more than half that of the latter planet. With respect to 
volume, the two oijter, the sixth and seventh of Saturn's satel- 
lites, approach the nearest to the third and brightest of Jupi- 
ter's moons. The two innermost of these satellites belong 
perhaps, together with the remote moons of Uranus, to the 
smallest cosmical bodies of our solar system, being only made 
visible under favorable circimistances by the most powerful 
instruments. They were first discovered by the Ibrty-foot 
telescope of William Herschel in 1789, and were seen again 
by John Herschel at the Cape of Good Hope, by Vice at Rome, 
and by Lament at Munich.- Determinations of the true di- 
ameter of satellites, made by the measurement of the apparent 
size of their small disks, are subjected to many optical diffi- 
culties ; but numerical astronomy, whose task it is to prede- 
termine by calculation the motions of the heavenly bodies as 
they will appear when viewed from the Earth, is directed al- 

* If, according to Burckhardt's detormiDation, the Moon's radios be 
0.2725 and its volume y^Vi)*'*' *^ density will be 0*5596, or nearly five 
ninths. Compare, also, Wilb. Beer und H. Madler, der Mondy ^ 2, 
lOr and Madler, A9t,j $ 157. The material contents of the Moon are, 
according to Hansen, nearly ^^^h (and according to Madler ^J.^th) 
that of the Earth, and its mass equal to fl ^ .^g d that of the Earth. In 
the largest of Jupiter's moons, the thirdy»the relations of volume to the 
central body are y^A^-^ih, and of mass yyj^^th. Ou the polar fiatteo- 
ing of Urauus, see Schiira., AH* jn. Naehr., 1844, No. 493. 
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most exclusively to motion and mass, and but little to volume. 
The absolute distance of a satellite from its central body is 
greatest in the case of the outermost or seventh satellite of 
Saturn, its distance from the body round which it revolves 
amounting to more than two millions of miles, or ten times as 
great a distance as that of our moon from the Earth. In the 
case of Jupiter we find that the outermost or fourth attendant 
moon is only 1,040,000 miles from that planet, while the dis- 
tance between Uranus and its sixth satellite (if the latter real- 
ly exist) amounts to as much as 1 ,3 60 ,0 miles. If we com- 
pare, in each of these subordinate systems, the vcdume of the 
main planet with the distance of the orbit of its most reqiote 
satellite, we discover the existence of entirely new numerical 
relations. The distances of the outermost satellites of Uranus, 
Saturn, and Jupiter are, when expressed in semi-diameters 
of the main pk&ets, as 91, 64, and 27. The outermost satel* 
lite of Saturn appears, therefore, to be removed only about 
one fifteenth further firom the center of that planet than our 
moon is firom the Earth. The first or innermost of Saturn's 
satellites' is nearer to its central body than any other of the 
secondary planets, and presents, moreover, the only instance 
of a period of revolution of less than twenty-four hours. Its 
distance from the center of Saturn may, according to Madler 
and Wilhehn Beer, be expressed as 2*47 semi-diameters of tha^ 
planet, or as 80,088 miles. Its distance firom the surface of 
the main planiet is therefore 47,480 miles, and fix>m the outer- 
most edge of the ring only 4916 miles. The traveler may 
form to himself an estimate of the smallness of this amount 
by remembering the statement of an enterprising navigator, 
Captain Beechey, that he had in three years passed over 72,800 
miles. If, instead of absolute distances, we take the semi-di- 
ameters of the principal planets, we shall find that even the 
first or nearest of the moons of Jupiter (which is 26,000 miles 
further removed firom the center of that planet than our moon 
is from that of the Earth) is only six semi-diameters of Jupiter 
firom its center, while our moon is removed from us fully 60|d 
semi-diameters of the Earth. 

In the subordinate systems of satellites, we find that the 
same laws of gravitation which regulate the revolutions of the 
principal planets round the Sun likewise govern the mutual 
relations existing between these planets among one another 
and with reference to their attendant satellites. The twelve 
moons of Saturn, Jupiter, and the Earth all move like the 
primary planets from west to east, and in eUiptic orbits, d^ 
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viatmg but little from circles. It is only in the case of our 
moon, and perhaps in that of the first and innermost of th« 
satellites of Saturn (0*068), that we discover an eccentricity 
greater than that of Jupiter ; according to the very exact ob- 
servations of Bessel, the eccentricity of the sixth of Saturn'? 
satellites (0*029) exceeds that of the Earth. On the extremest 
limits of the planetary system, where, at a distance nineteen 
times greater than that of our Earth, the centripetal force of 
the Sun is greatly diminished, the satellites of Uranus (which 
have certainly been but imperfectly investigated) exhibit the 
most striking contrasts from the facts observed with regard t« 
other secondary planets. Instead, as in all other satellites, of 
having their orbits but slightly inclined toward the ecliptic 
and (not excepting even Saturn*s ring, which may be regard- 
ed as a fusion of agglomerated satellites) moving from west Xq 
east, the satellites of Uranus are almost perpendicnlar to the 
ecliptic, Tind move retrogressively from east to west, as Sir 
John Herschel has proved by observations continued during 
many years If the primary and secondary planets have been 
fonned by the condensation of rotating rings of solar and plan- 
etary atmospheric vapor, there must have existed singular 
causes of retardation or impediment in the vaporous rings re- 
.volving round Uranus, by which, under relations with whish 
•we are unacquainted, the revolution of the second and fourth 
of its satellites was made to assume a direction opposite to that 
of the rotation of the central planet. 

It seems highly probable that the period of rotation of all 
secondary planets is equal to that of their revolution round 
the main planet, and therefore that they always present to 
the latter the same side. Inequalities, occasioned by slight 
variations in the revolution, give rise to fluctuations of from 
6^ to 8^, or to an apparent libration in longitude as well as 
in latitude. Thus, 'in the case of our moon, we sometimes 
observe more than the half of its surface, the eastern and 
northern edges being more visible at one time, and the west- 
ern or southern at another. By means of this libration*- we 
are enabled to see the annular mountain Malapert (which oe- 
casionaUy conceals the Moon's south pole), the arctic land- 
scape round the crater of Gioja, and the largr gray plane near 
Endymion, which exceeds in superficial extent the Mare Va- 
parum. Three sevenths of the Moon's surface arc entirely 

* Beer and Madler, op. cit., $ 185, s. 208, aud $ 347, a 33'^; Aud u 
their Pkys. Kenntniss der kimmt, Kdrper^ s. 4 und 69. Tub. 1 (Prkysic 
ftl Hiotory of the Heavenly Bodies). 
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oottcealed from our observation, and must always remain so, 
unless new and unexpected disturbing causes come into play« 
These cosmical relations involuntarily remind us of nearly 
similar conditions in the intellectual world, where, in the do- 
main of deep research into the mysteries and the primeval 
creative forces of nature^ there are regions similarly turned 
away from us, and apparently unattainable, of which only a 
narrow margin has revealed itself, for thousands of years, t« 
the human mind, appearing, from time to time, either glim- 
mering in true or delusive Hght. We have hitherto consid- 
ered the primary planets, their satellites, and the concentric 
rings which belong to one, at least, of the outermost planets, 
as products of tangential force, and as closely connected to- 
gether by mutual attraction ; it therefore now only remains 
for us to speak of the unnumbered host of comets which con- 
stitute a portion of the cosmical bodies revolving in independ- 
ent orbits round the Sun. If we assume an equable distribu- 
tion of their orbits, and the limits of their periheha, or greatest 
proximities to the Sun, and the possibility of their remaining 
invisible to the inhabitants of the Earth,. and base our esti- 
mates on the rules of the calculus of probabihties, we shaU 
obtain as the result an amount of myriads perfectly astonish- 
ing. Kepler, with his usual animation of expression, said that 
there were more comets in the regions* of space than fishes in 
the depths of the ocean. As yet, however, there are scarcely 
one hundred and fifty whose paths have been calculated, if 
we may assume at six or seven hundred the number of comets 
whose appearance and passage through known constellations 
have been ascertained by more or less precise observations. 
While the so-called classical nations of the West, the Greeks 
and E'Omans, although they may occasionally have indicated 
the position in which a comet first appeared, never afford any 
information regarding its apparent path, the copious literature 
of the Chinese (who observed nature carefully, and recorded 
virith accurakcy what they saw) contains circumstantial notices 
of the constellations through which each comet was observed 
to pass. These notices go back to more than five hundred 
]^ars before the Christian era, and many of them are still 
foimd to be of value in astronomical observations.* 

* The first con^eta of -v^hose orbits we have any knowledge, and 
which were calculated from Chinese observations, are those of 240 (un- 
der jGordian III.)* ^39 (under Justinian), 565, 568, 574, 837, 1337, und 
1385. See Jphu Bussell Hiadfhi Bchiim., Atfron, Naehr,, 1843, No. 498. 
While iba wnamX of 837 (whi<^, accoi-din'j to Du S^joorr contioned dap 



Digitized 



by Google 



100 COSMOS. 

Although comets have a smaller mass than any other cos- ' 
mical hodies — being, according to our present knowledge, prob* 
ably not equal to 71/0 vth part of the Earth's mass — ^yet they 
occupy the largest space, as their taOs in several instances ex- 
tend over many nullions of miles. The cone of luminous va- 
por which radiates from them has been found, in some cases 
^as in 1680 and 1811), to equal the lengih of the Earth's 
oistance from the Sun, forming a Une that intersects both the 
orbits of Venus and Mercury. It is even probable that the 
vapor of the tails of comets mingled with our atmosphere in 
the years 1819 and 1823. 

Comets exhibit such diversities of form, which appear rath 
er to appertain to the individual than the class, that a de- 
scription of one of these ** wandering light-clouSs," as they 
were already called by Xenophanes and Theon of Alexandria, 
cotemporaries of Pappus, can only be applied with caution to 
another. The faintest telescopic comets are generally devoid 
of visible tails, and resemble Herschers nebulous stars. They 
appear like circular nebuls of fetintly-glimmering vapor, with 
the light concentrated toward the middle. This is the most 
simple type ; but it can not, however, be regarded as rudi- 
mentary, since it might equally be the type of an older cos 
mical body, exhausted by exhalation. In the larger comets 
we may distinguish both the so-called *'head" or "nucleus," 
and the single or multiple tail, which is characteristically de 
nominated by the Chinese astronomers " the brush" (sui). 
The nucleus generally presents no definite outline, although, 
in a few rare cases, it appears like a star of the first or second 
magnitude, and has even been seen in bright sunshine ;* as, 

ing twenty-ibur hoars within a distance of 2,000,000 miles from the 
Eaith) terrified Louis I. of France to that decree that he basied him 
self in building churches and founding monastic establishments, in the 
hope of appeasing the evils threatened by its appearance, the Chinese 
astronomers made observations on the path of this cosmical body, whose 
tail extended over a space of 60^, appearing sometimes single and 
sometimes multiple. The first comet tbat has been calculated solely 
fix>m European observations was that of 1456, known as Halley's coiai- 
et, from the> belief long, but erroneously, entertained that the period 
when it was first ohaSrved by that astronomer was its first and only 
well-attested appearance. See Arago, in the Annuaire, 1836, p. 204, 
and Laugier, Comptes Rendua des Sictncea de PActuL, 1843, t xvi., 
1006. 

* Arago, Anmunrtf 1832, p. 209, 211. The phenomenon of the tail 
of a oomet being visible in bright sunshine, which is recorded of the 
comet of 1402, occurred again m the case of the large comet of 1843, 
whose nucleus and tail were seen in North America on the 28th of Feb>. 
niaiy (acocKding to the tMtimony of J. G. Olarke^ of Poitlaiid, state of 
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Jot instance, in the large comets of 1402, 1532, 1577, 1744^ 
and 1843. This latter circumstance indicates, in particular 
individuals, a denser mass, capable of reflecting light with 
greater intensity. Even in Herschers large telescope, only 
two ootaeis, that discovered in Sicily in 1807, and the splen- 
did one of 1811, exhibited well-defined disks ;* the one at an 
angle of 1", and the other at 0'''77, whence the true diame- 
ters are assumed to be 536 and 428 miles. The diameters 
of the less wellrdefincd nuclei of the comets of 1798 and 1805 
did not appear to exceed 24 or 28 miles. 

In several comets that have been investigated with great 
care, especially in the above-named one of 1811, which con- 
tinued visible for so long a period, the nucleus and its nebu- 
kms envelope were entirely separated firom the tail by a darker 
space. The intensity of light in the nucleus of comets does 
not augment toward the center in any uniform degree, bright- 
ly shining zones being in many cases separated by concentric 
nebulous envelopes. The tails sometimes appear single, some- 
times, although more rarely, double ; and in the comets of 
1807 and 1843 the branches were of difierent lengths; in 
one instance (1744) the tail had six branches, the whole 
forming an angle of 60^. The tails have been sometimes 
straight, sometimes curved, either toward both sides, or to- 
ward the side appearing to us as the exterior (as in 1811), or 
cpnvex toward the direction in which the comet is moving 
(as in that of 1618) ; and sometimes the tail has even ap- 
peared hke a flame in motion. ' The tails are always turned 
away iirom the sun, so that their line of prolongation passes 
through its center ; a fact which, according to Edward Biot, 
was noticed by the Chinese astronomers as early as 837, but 
was ifirst generally made known in Europe by Fracastoro and 
Peter Apian in the sixteenth century. These emanations 
may be regarded as conoidal envelopes of greater or less thick- 
Maine), between 1 and 3 o'clock in the afternoon.* The distance of 
the very dense nncleos from the sun's light admitted of being measured 
with much exactness. The nucleus and tail appeared like a very pure 
white cloud, a barker space intervening between the tail and the nu- 
cleus. {Amer, Joum. of Science, vol. xlv., No. I, p. 229.) 

* Phil. Trana. for 1808, Part ii., p. 155, and for 1812, Part i., p. 118. 
The diameters found by Herschel for the nuclei were 538 and 428 Eu 
glish miles. For the magnitudes of the comets of 1798 and 1805. see 
Arago, Annucdre, 1832, p. 203. 

a [The translator was at New Bedford, Massachusetts, U. S., on the 28th Febraa- 
ry, 1843, and distinctly saw the comet, between 1 and 2 in the afternoon. The skj 
at the time was intensely blue, and the sun shining with a dazzling brightness on* 
known in European cliinates.]~7V 
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11668, aad, consideTed in this manner, tBey fumiBh a simple 
explanation of many of the remarkable optical phenomena al- 
ready spoken of. 

Comets are not only characteristically di&r^it in form, 
some being entirely withont a visible tail, while otlu»ro have 
a tail of immense length (as in the instance of the comet of 
1618, whose tail measured 104°), but we also see the same 
comets undergoing successive and rapidly-changing processes 
of configuration. Thesis variations of ^rm have been most 
accurately and admirably described in the comet of 1744, by 
Hensius, at St. Petersburg, and in Halley's comet, on its last 
reappearance in 1835, by Bessel, at Konigsberg. A more or 
less well-defined tuft of rays emanated fi»m that part of the 
nucleus which was turned toward the Sun ; and the rays be* 
ing bent backward, formed a part of the tail. The nucleus 
of Halley's comet, with its emanations, presented the appear- 
ance of a burning rocket, the end of which was turned side- 
ways by the force of the wind. The rays issuing from' the 
hesud were seen by Arago and myself, at the Observatory at 
Paris, to assume very difierent forms on successive nights.* 
The great Konigsberg astronomer concluded from many meas* 
urements, and from theoretical considerations, " that the cone 
of light issuing from the comet deviated considerably both to 
the right and the left of the true direction of the Sun, but 
that it always returned to that direction, and passed over to 
the opposite side, so that both the cone of light and the body 
of the comet from whence it emanated experienced a rotatory, 
or, rather, a vibratory motion in the plane of the orbit." He 
finds that ** the attractive force exercised by the Sun on heavy 
bodies is inadequate to explain such vibrations, and is of opin- 
ion that they indicate a polar force, which turns one semi-di- 
ameter of the comet toward the Sun, and strives to turn the 
opposite side away firom that luminary. The magnetic polar- 
ity possessed by the Earth may present some analogy to this ; 
and, should the Sun have an opposite polarity, an influence 
might be manifested, resulting in the precession of the equi- 
nqxes." This is not the place to enter more fiiUy upon the 
grounds on which explanations of this subject have been bas- 
ed ; but observations so remarkable,! and views of so exalted 

• Arago, Des CkangemerUs physiques de la Comite de Halley du 15- 
23 Oct., 1835. Annuaire, 1836, p. 218, 221. The ordinary direction 
of the emanations was noticed even in Nero's time. *' Coma radios so- 
Us ^ugiutU" — Seneca, Nat, Quast., vii., 20. 

t Bessel, in Schumacher, Astr. Nachr., 1836, No. 300-302, s. 188, 192, 
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i character, regarding the most wonderful class oi'the cosmic- 
al bodies belonging to our solar system, ought not to be en- 
tirely passed over in this sketch of a general picture of nature. 

Although, as a rule, the tails of comets increase in magni- 
tude and brilliancy in the vicinity of the sun, and are directed 
away from that 4^ntral body^ y^t the comet of 1823 ofiered 
the remarkable example of two tails, one of which was turned 
toward the sun, and the other away from it, forming with 
each other an angle of 160°. Modifications of polarity and 
the unequal manner of its distribution^ and of the direction in 
which it is conducted, may in this rare instance haVe occa- 
^oned a double, unchecked, continuous ^emanation of nebulous 
matter.* 

Aristotle, in his Natural Philosophy, makes these emana- 
tions the means of bringing the phenomena of comets into a 
singular connection with the existence of the Milky Way. 
According to his views, the innumerable quantity of stars 
which compose this starry zone give out a self-luminous, in- 
candescent matter. The nebulous belt which separates the 
diSerent portions of the vault of heaven was therefore regard- 
ed by the Stagirite as a large comet, the substance of which 
was incessantly being renewed.! 

197, 200, 202, und 230. Also in Schumacher, Jahrh.y 1^7, s. 149, 168. 
William Herschel, in his observations on the beautiful comet of 1811, 
believed that he had discovered evidences of the rotation of the nucleus 
and tail {PhU, Trans, for 1812, Part i., p. 140). Duulop, at Paramat- 
ta, thought the same with reference to the third comet of 1825. 

* Bessel, in Astr, Nachr., 1836, No. 302, 8. 231. Schum., Jahrb.,lB37, 
B. 175. See, also, Lehmann, Ueber Comeiensckweife (On the Tails of 
Comets), in Bode, Astron. Jahrb. f&r 1826, s. 168. 

t Aristot., Meteor.f i., 8, 11-14, und 19-21 (ed, Ideler, t. i., p. 32-34). 
Biese, PkU. de» ArUtotdest bd. ii., s. 86. Since Aristotle exercised so 
great an influence throughout the whole of the Middle Ages, it is very 
much to be regretted that he was so averse to those grander views of 
the elder Pythagoreans, which inculcated ideas so nearly approxima- 
ting to truth resj^ecting the structure of the universe. He asserts that 
comets are transitory meteors belonging to our atmosphere in the very 
book in which he cites the opinion of the Pythagorean school, accord* 
ing to which these cosmical bodies are supposed to be planets having 
long periods of revolution. (Aristot., i., 6, 2.) This Pythagorean doc- 
trine, which, according to the testimony of ApoUonius Myndius, was 
still more ancient, having originated with the Chaldeans, passed over 
to the Romans, who in this instance, as was their usual practice, wtM e 
merely the copiers of others. The Myndian philosopher desctibes the 

Eath of comets as directed toward the upper and remote regions of 
eaven. Hence Seneca says, in his Nat. Quasi., vii., 17: ** Cometes 
pon est species falsa, sed propriuTn sidus sicut solis et lunts : alliora muu' 
ii secat et tunc demum apparet quum in imum cursum sui venil;" und 
'Again (at vii^,27), ** Cometes ceternffs esse et sortls ejusdern, cujus ctctera 
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The occultation of the fixed stars by the nucleus of a com 
et, or by its innermost vaporous envelopes, might throw some 
light on the physical character of these wonderful bodies ; but 
we are unfortunately deficient in observations by which we 
may be assured* that the occultation was perfectly central ; 
for, as it has already been observed, the parts of the envelope 
contiguous to the nucleus are alternately composed of layers 
of dense or very attenuated vapor. On the other hand, the 
carefully conducted measurements of Bessel prove, beyond all 
doubt, that on the 29th of September, 1835, the light of a 
star of the tenth magnitude, which was then at a distance of 
7"* 78 firom the central point of the head of Halley's comet, 
passed through very dense nebulous matter, without experi- 
encing any deflection during its passage.! If such an absence 
of refracting power must be ascribed to the nucleus of a com- 
et, we can scarcely regard the matter composing comets as a 
gaseous fluid. The question here arises whether this absence 
of refracting power may not be owing to the extreme tenuity 
of the fluid ; or does the comet consist of separated particles., 
constituting a cosmical stratum of clouds, which, Uke the 
clouds of our atmosphere, that exercise no influence on the 

Csidera), etiamtifaeiem Ulis non hdbent nmilem" Pliny (ii., 25) also re- 
tera to ApoUonius Myndios, when be Bays, **'SuiU qtn et kac tidera per- 
petua esse crecUmt suoque ambitu ire, sed non nisi relieta a sole eemi.** 

* Olbers, in Astr. Naehr.j 1828, s. 157, 184. Arago, De la Constitu- 
tion physique des ComStes; Anntudre de 1832, p. 203, 208. The an- 
cients were struck by the phenomenon that it was possible to see 
through comets as through a flame. The earliest evidence to be met 
with of stars having been seen through comets is that of Democritus 
(Aristot., Meteor. t i., 6, 11), and the statement leads Aristotle to make 
the not unimportant remark, that he himself had observed the occulta- 
tion of one of the stars of Gcemini by Jupiter. Seneca only speaks de- 
cidedly of the transparence of the tail of comets. " We may see," says 
he, "stars through a comet as through a cloud (Nat, Quast.f vii., 18); 
but we can only see through the rays of the tail, and not through the 
body of the comet itself: non in ea parte qua sidus ipsum est spissi et 
solidi ignis, sed qua varus splendor occurrU et in erines dispergitur. Per 
intervcdla igniunij non per ipsos, vides" (vii., 26). The last remark is 
unnecessary, since, as Galileo observed in the Saggiatore (Lettera a 
Monsignor C'e«ar»n», 1619), we can certainly see through a flame when 
it is not of too wcesX a thickness. 

t Bessel, in the Astron. Nachr., 1836, No. 301, s. 204, 206. Struve, 
in Recueil des M6m. de VAcad. de St. Petersb., 1836, p. 140, 143, and 
Astr. Nachr.f 1836, No. 303, s. 238, xvrites as follows: "At Dorpat the 
star was in conjunction only 2''*2 from the brightest point of the comet. 
The star remained continually visible, and its light was not perceptibly 
diminished, while the nucleus of the comet seemed to be almost exXm 
gaished before the radiance of the small star of the ninth or tenth inag 
mtode.^' 
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zenith distance of the stars, does not afiect the ray of light 
passing through it ? In the passage of a comet over a star, a 
more or less considerable diipinution of light has often been 
observed ; but this has been justly ascribed to the brightness 
of the ground from which the star seems to stand forth during 
the passage of the comet. 

The most important and decisive observations that we pos- 
sess on the nature and the light of comets are due to Arago's 
polarization experiments. His polariscope instructs us re- 
garding the physical constitution of the Sun and comets, indi- 
cating whether a ray that reaches us from a distance of many 
millions of miles transmits light directly or by reflectic»i ; and 
if the former, whether the source of light is a solid, a liquid, 
or a gaseous body. His apparatus was used at the Paris Ob- 
servatory in examining the light of Capella and that of the 
great comet of 1 8 1 9. The latter showed polarized, and there- 
fore reflected hght, while the fixed star, as was to be expect- 
ed, appeared to be a self-luminous sun.* The existence of 
polarized cometary light announced itself not only by the in- 
equality of the images, but was proved with greater certainty 
on the reappearance of Halley's comet, in the year 1835, by 
the more striking contrast of the complementary colors, de- 
duced from the laws of chrt^matic polarization discovered by 
Arago in 1811. These beautiful experiments still leave it 
undecided whether, in addition to this reflected solar light, 
comets may not have light of their own. Even in the case 
of the planets, as, for instance, in Venus, an evolution of in- 
dependent light seems very probable. 

The variable intensity of light inxomets can not always be 

* On the 3d of July, 1819, Arago made the first attempt to analyze 
- the light of comets by polarization, on the evening of the sudden ap 
pearance of the great comet. I was present at the Paris Observatory, 
and was fully convinced, as were also Matthieu and the late Boavard, 
of the dissimilarity in the intensity of the light seen in the polariscope, 
when the instrument received cometary light. When it received light 
from Capella, which was near the comet, and at an equal altitude, the 
images were of equal intensity. On the reappearance of Halley's com- 
et in 1835, the instrument was altered so as to give, according to Ara- 
go's chromatic poluization, two images of complementary colors (green 
and red). {Annedea de Ckimiet t. xiii., p. 108 ; Annuaire, 1832, p. 216.) 
** We must conclude from these observations," says Arago, *' that the 
cometary light was not entirely composed of rays having the properties 
of direct light, there being light which was reflected specularly or po> 
larized, that is, coming from the sun. It can not be stated with abso* 
late certainty that comets shine only with borrowed light, for bodies. 
in becoming self-luminoaB, do not, on that aooouut, lose the power of 
reflecting foreign light." 

£2 
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explained by the podtion of their orbitB and their distance from 
the Sun. It would seem to indicate, in some individuals, the 
existence of an inherent process of condensation, and an in- 
creased or diminished capacity of reflecting borrowed light. 
In the comet of 1618, and in that which has a period of three 
years, it was observed first by HeveUus that the nucleus of 
the comet diminished at its perihelion and enlarged at its 
aphelion,^ a fact which, afler remaining long unheeded, was 
again noticed by the talented astronomer Valz at Nismes. 
The regularity of the dliange of volume, according to the dif- 
ferent degrees of distance from the Sun, appears very striking. 
The physical explanation of the phenomenon can not, howev- 
er, be sought in the condensed layers of cosmical vapor occur- 
ring in the vicinity of the Sun, since it is difficult to imagine 
the nebulous envelope of the nucleus of the comet to be vesic- 
ular and impervious to the ether.* 

The dissimilar eccentricity of the orbits of comets has, in 
recent times (1819), in the most brilliant manner enriched our 
knowledge of the solar system. Encke has discovered the ex- 
istence of a comet of so short a period of revolution that it re- 
mains entirely within the limits of our planetary system, at- 
taining its aphelion between the orbits of the snudler planets 
and that of Jupiter. Its eccentricity must be assumed at 0-845, 
that of Juno (which has the greatest eccentricity of any of the 
planets) being 02^5. Encke's comet has several times, al- 
though with difficulty, been observed by the naked eye, as in 
Europe in 1819, and, according to Kumker, in New Holland 
in 1822. Its period of revolution is about 3Jd years; but, 
from a careful comparison of tlie epochs of its return to its 
perihelion, the remarkable fact has been discovered that these 
periods have diminished in the most regular manner between 
the years 1786 and 1838, the diminution amounting, in the 
course of 52 years, to about ly^h days. The attempt to 
bnng into unison the results of observation and calculation in 
the investigation of aU the planetary disturbances, with the 
view of explaining this phenomenon, has led to the adoption 
of the very probable hypothesis that there exists dispersed in 
space a vaporous substance capable of acting as a resisting 
medium. This matter diminishes the tangential force, and 
with it the major axis of the comet's orbit. The value of the 
constant of the resistance appears to be somewhat difierent 
before and after the perihelion ; and this may, perhaps, be as- 

* Arago, in the Aimuaire, 1832, p. 217-^20. Sir Joha Herachel. 
Aa^roA., 9 488. 
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bribed to the altered ibna of the small nebulous star iu the 
vi(;iaity of the Sua, and to the action of the unequal density 
of the strata of cosmical ether. "^ These facts, and the invea- 
ligations to which they have led, belong to the most interest- 
ng results oi modern astronomy. Encke's comet has been 
Gie means of leading astronomers to a more exact investiga- 
tion of Jupiter's mass (a most important point with reference 
k> the calculation of perturbations) ; and, more recently, the 
course of this comet has obtained for us the first determina- 
tion,- although only an approximative one, of a smaller mass for 
Mercury. 

The discovery of Encke's comet, which had a period of only 
3id years, was speedily followed, in 1826, by that of another, 
Biela's comet, whose period of revolution is 6£th years, and 
which is likewise planetary, having its aphehon beyond the 
orbit of Jupiter, but within that of Saturn. It has a fainter 
light than Encke's comet, and, like the latter, its motion is 
direct, while Halley's comet moves in a course opposite to that 
pursued by the planets. Biela's comet presents the first cer- 
tain example of the orbit of a comet intersecting that of the 
Earth. This position, with reference to our planet, may there- 
fore be productive of danger, if we can associate an idea of 
danger with so extraordinary a natural phenomenon, whose 
history presents no parallel, and the results of which we are 
consequently unable correctly to estimate. Small masses en- 
dowed with enormous velocity may certainly exercise a con- 
siderable power ; but Laplace has ^own that the mass of the 
comet of 1770 is probably not equal to j^j^^yth of that of the 
Earth, estimating further with apparent correctness the mean 
mass of comets as much below 7777777^^ ^^^ ^^ ^^^ Earth, 
or about y^V?^^ ^^^ of the Moon.f We must not confound 
the passage of Biela's comet through the Earth's orbit with 
its proximity to, or collision with, our globe. When this pas- 
sage took place, on the 29th of October, 1832, it required a 
full month before the Earth would reach the point of inter- 
section of the two orbits. These two comets of short periods 
of revolution also intersect each other, and it has been justly 
observed,} that amid the many perturbations experienced by 

* Enckey ID. the Asironomisehe NachrickteTtf 1843, No. 489, s. 130-132. 

t Laplace, Expos* du Syst. du Mondey p. 216, 237. 

X Littrow, Besehreibende Asiron»f 1835, s. 274. Oa the iauer comet 
recently discovered by M. Faye, at the Observatory of Paris, and vjrhose 
eccentricity is 0*551, its distance at its perihelion 1-690, and its distance 
at its aphelion 5-832, see Schumacher, Astron, Nachr.j, 1844, No. 495. 
Regardmg the supposed identity of the comet of 1766 with the third 
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such small bodies from the larger planets, there is & possibility 
— supposing t meeting of these comets to occur in October-^ 
that the inhabitants of the £Iarth may witness the extraordi- 
nary spectacle of an encounter between two cosmical bodies, 
and possibly of their reciprocal penetration and amalgamation, 
or of their destruction by means of exhausting emanations. 
Events of this nature, resulting either from deflection occa- 
sioned by disturbing masses or primevally intersecting orbits, 
must have been of frequent occurrence in the course of mill- 
ions of years in the immeasurable regions of ethereal space ; 
but they must be regarded as isolated occurrences, exercising 
no more general or alterative effects on cosmical relations than 
the breaking forth or extinction of a volcano within the limit- 
ed sphere of our Earth. 

A third interior comet, having likewise a short period of 
revolution, was discovered by Faye on the 22d of November, 
1843, at the Observatory at Paris. Its elliptic path, which 
approaches much more nearly to a circle than that of any 
other known comet, is included within the orbits of Mars and 
Saturn. This comet, therefore, which, according to Gold- 
schmidt, passes beyond the orbit of Jupiter, is one of the few 
whose perihelia are beyond Mars. Its period of revolution is 
7^^ years, and it is not improbable that the form of its pres- 
ent orbit may be owing to its great approximation to Jupiter 
at the close of the year 1839. 

If we consider the comets in their inclosed eUiptic orbits as 
members of our solar system, and with respect to the length 
of their major axes, the amount of their eccentricity, and their . 
periods of revolution, we shall probably find that the three 
planetary comets of Enoke, Biela, and Faye are most nearly 
approached in these respects, first, by the comet discovered in 
1766 by Messier, and which is regarded by Clausen as iden- 
tical with the third comet of 1819 ; and, next, by the fourth 
comet of the last-mentioned year, discovered by Blaupain, but 
considered by Clausen as identical with that of the year 1743, 
and whose orbit appears, like that of Lexell's comet, to have 
suffered great variations from the proximity and attraction of 
Jupiter. The two last-named comets would Ukewise seem to 
have a period of revolution not exceeding five or six years, and 
their aphelia are in the vicinity of Jupiter's orbit. Among 
the comets that have a period of revolution of from seventy to 

comet of 1819, see Astr, Naehr.f 1833, No. 239 ; and on the identity of 
the comet of 1743 and the fourth comet of 1819, see No. 237 of the last 
mentioned work. 
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■eventy-Bix years, the jSrst in point of importance with respect 
to theoretical and physical astronomy is Halley's comet, whose 
last appearance, in 1835, was much less hriliiant than was to 
he expected from preceding ones; next we would. notice Ol- 
bers's comet, discovered on the 6th of March, 1815 ; and, 
lastly, the comet discovered by Pons in the year 1812, and 
whose elliptic orbit has been determined by Encke. The two 
latter comets were invisible to the naked eye. We now know 
with certainty of nine returns of Halley's large comet, it hav- 
ing recently been proved by Laugier's calciUations,*- that in 
the Chinese table of comets, first made known to us by Ed- 
ward Biot, the comet of 1378 is identical with Halley's ; its 
periods of revolution have varied in the interval between 1378 
and 1835 from 74*91 to 77*58 years, the mean being 76* 1. 

A host of other comets may be contrasted with the cosmical 
bodies of which we have spoken, requiring several thousand 
years to perform their orbits, which it is difficult to determine 
with any 4egree of certainty. The beautiful comet of 1811 
requires, according to Argelander, a period of 3065 years for 
its revolution, and the colossal one of 1680 as much as 8800 
years, according to Encke's calculation. These bodies respect- 
ively recede, therefore, 21 and 44 times further than Uranus 
from the Sun, that is to say, 33,600 and 70,400 millions of 
miles. At this enormous distance the attractive force of the 
Sun is still manifested ; but while the velocity of the comet 
of 1680 at its perihelion is 212 miles in a second, that is, 
thirteen times greater than that of the Earth, it scarcely 
moves ten feet in the second when at its aphelion. This ve- 
locity is only three times greater than that of water in oui 
most sluggish European rivers, and equal only to half that 
which I have observed in the Cassiquiare, a branch of the 
Orinoco. It is highly probable that, among the innumerable 
host of imcalculated or undiscovered comets, there are many 
whose major axes greatly exceed that of the comet of 1680. 
In order to form some idea by numbers, I do not say of the 
sphere of attraction, but of the distance in space of a fixed star 
or other sun, from the, aphelion of the comet of 1680 (the fur- 
thest receding cosmical body with which we are acquainted 
in our solar system), it must be remembered that, according 
to the most recent determinations of parallaxes, the nearest 
fixed star is full 250 times further removed from our sun than 
the comet in its aphelion. The comet's distance is only 44 

* Laagier, iu the Camptes Rendua da Siancea de rAeademie, 1843; 
t. xvi., p. 1006. 
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times that of Uranus, while a Centauri is 11,000, and 61 
Cygni 31,000 times that of Uranus, according to Bessel's de* 
terminations. 

Having considered the greatest distances of comets from 
the central body, it now remains for us to notice- instances of 
the greatest proximity hitherto measured. Lexell and Burck- 
hardi's comet of 1770, so celebrated on account of the disturb- 
ances it experienced from Jupiter, has approached the Earth 
within a smaller distance than any other comet. On the 28th 
of June, 1770, its distance from the Earth was only six times 
that of the Moon. The same comet passed twice, viz., in 
1769 and 1779, through the system of Jupiter's four satellites 
without producing the shghtest notable change in the well- 
known orbits of these bodies. The great comet of 1680 ap- 
proached at its perihelion eight or nine times nearer to the 
surface of the Sun than Lexell's comet did to that of our 
Earth, being on the 17th of December a sixth part of the 
Sun's diameter, or seven tenths of the distance of the Moon 
from that luminary. Perihelia occurring beyond the orbit of 
Mars can seldom be observed by the inhabitants of the Earth, 
owing to the faintness of the light of distant comets ; and 
among those already calculated, the comet of 1729 is the only 
one which has its perihelion between the orbits of Pallas and 
Jupiter ; it was even observed beyond the latter. 

Since scientific knowledge, although frequently blended with 
vague and superficial views, has been more extensively diflused 
through wider circles of social hfe, apprehensions of the possi- 
ble evils threatened by comets have acquired more weight as 
their direction has become more definite. The certainty that 
there are within the known planetary orbits comets which re- 
visit our regions of space at short intervals — that great dis- 
turbances have been produced by Jupiter and Saturn in their 
orbits, by which such as were apparently harmless have beep 
converted into dangerous bodies — ^the idtersection of the Earth's 
orbit by Biela's comet — the cosmical vapor, which, acting as 
a resisting and impeding medium, tends to contract all orbits 
—the individual diflerence of comets, which would seem to 
indicate considerable decreasing gradations in the quantity of 
the mass of the nucleus, are all considerations more than equiv- 
alent, both as to number and variety, to the vague fears en* 
tertained in early ages of the general conflagration of the world 
by flaming swords, and stars with flery streaming liair. As 
the consolatory considerations which may be derived from the 
calculus of probabilities address themselves to reason and to 
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Bieditative understanding only, and not to the imagination or 
to a desponding condition of mind, modern science has been 
accused, and not entirely without reason, of not attempting to 
allay apprehensions which it has been the very meana of ex- 
citing. It is an inherent attribute of the human mind to ex* 
perience fear, and not hope or joy, at the aspect of that which 
is unexpected and extraordinary.* The strange form of a large 
comet, its faint nebulous Ught, and its sudden appearance in 
the vault of heaven, have in all regions been almost invariably 
regarded by the people at large as some new and formidable 
agent inimical to the existing state of things. The sudden 
occurrence and short duration of -the phenomenon lead to the 
belief of some equally rapid reflection of its agency in terres- 
trial matters, whose varied nature renders it easy to find events 
that may be regarded as the fulfillment of the evil foretold by 
the appearance of these mysterious cosmical bodies. In our 
own day, however, the public mind has taken another and 
more cheerful, although singular, turn with regard to comets; 
and in the German vineyards in the beautiful valleys of the 
Rbine and Moselle, a belief has arisen, ascribing to these once 
ill-omened' bodies a beneficial influence on the ripening of the 
vine. The evidence yielded by experience, of which there is 
no lack in these days, when comets may so frequently be ob- 
served, has not been able to shake the common beUef in the 
meteorological myth of the existence of wandering stars capa- 
ble of radiating heat. 

From comets I would pass to the consideration of a far more 
enigmaticftl class of agglomerated matter — ^the smallest of all 
asteroids, to which we apply the name aerolites, or meteoric 
stones,\ when they reach our atmosphere in a fragmentary 
condition. If I should seem to dwell on the specific enumer- 
ation of these bodies, and of comets, longer than the general 
nature of this work might warrant, I have not done so unde- 
signedly. The diversity existing in the individual character- 
istics of comets has already been noticed. The imperfect 
knowledge we possess of their physical character renders it 

* Fries, VorleMungenHbertUeStemkundey 1833, s. 26*2-267 (Lectures 
on the Science di Astronomy). An infelicitously chosen instance of the 
good omen of a comet may be found in Seneca, Nat. Qu4ut., yii., 17 and 
21. The philosopher thus writes of the comet: ** Quern nog Neronis 
fniueipatu l^Btusimo vidimus et qvi eometU detraxit infamiam." 

t [Much valuable information may be obtained regarding the origin 
and composition of aerolites or meteoric stones in Memoirs on' the sub- 
ject* by Baumbeer and other writers, in the numbers of Foggendorf's 
' Armaleut fi'om 1845 to the present tim^.] — Tr. 
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difficult, in a work like the present, to give the proper degree 
of circumstantiality to the phenomena, which, although of 
frequent recurrence, have heen observed with such various de- 
grees of accuracy, or to separate the necessary from the acci- 
dental. It is only with respect to measurements and compu- 
tations that the astronomy of comets has made any marked 
advancement, and, consequently, a scientific consideration of 
these bodies must be limited to a specification of the difierencec 
of physiognomy and conformation in the nucleus and tail, the 
instances of great approximation to other cosmical bodies, and 
of the extremes in the length of their orbits and in their period^ 
of revolution. A faithful delineation of these phenomena, as 
well as of those which we proceed to consider, can only be 
given by sketching individual features with the animated cir- 
cumstantiality of reahty. 

Shooting stars, fire-balls, and meteoric stones are, with great 
probability, regarded as small bodies moving with planetary 
velocity, and revolving in obedience to the laws of general 
gravity in conic sections round the Sun. When these masses 
meet the Earth in their course, and are attracted by it, they 
enter within the limits of our atmosphere in a luminous con- 
• dition, and frequently let fall more or less strongly heated stony 
fragments, covered with a shining black crust. When we 
enter into a careful investigation of the facts observed at those 
epochs when showers of shooting stars fell periodically in Cu- 
mana in 1799, and in North America during the years 1833 
and 1834, we shall find th&i fire-balls can not be considered 
separately from shooting stars. Both these phenomena are 
frequently not only simultaneous and blended together, but 
they likewise are often found to merge into one another, the 
one phenomenon gradually assuming the character of the other 
alike with respect to the size of their disks, the emanation of 
sparks, and the velocities of their motion. Although explod- 
ing smoking luminous fire-balls are sometimes seen, even in 
the brightness of tropical daylight,* equaling in size the ap- 

* A friend of mine, much accustomed to exact trigonometrical meas- 
urementB, waa in the year 1788 at Popayan, a city wbich is 2° 26' 
north latitude, lyine at an elevation of 5583 feet above the level of the 
sea, and at noon, when the sun was shining brightly in a cloudless sky, 
saw his room lighted up by a fire-ball. He had his back to the window 
at the time, and on turning found, perceived that great part of the patli 
traversed by the fire-ball was still illuminated by the brightest radiance. 
Different nations have had the most various terms to express these phe- 
nomena: the-Grermans use the word Stemschnuppef literally star tnuff 
I expression well suited to the physical views of the vulgar in former 
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panent diameter of the Mopn, iiinun\erable quantities of shoot- 
ing stars have, on the other hand, been observed to fall in' 
forms of such extremely small dimensions that they appear 
only as movmg points or phosphorescent lines.* 

It still remains undetermined whether the mflny luminous 
bodies that shoot across the sky may not vary in their nature. 
On my return from the equinoctial zones, I was impressed 
with an idea that in the torrid regions of .the tropics I had 
more frequently than in our colder latitudes seen shooting 
stars fall as if from a height of twelve or fifteen thousand feet ; 
that they were of brighter colors, and left a more brilliant line 
of light in their track ; but this impression was no doubt owing 
to the greater transparency of the tropical atmosphere,! which 

times, according to which, the lights in the firmament were said to under 
go a process of muffing or cleamng ; and other nations generally adopt a 
term expressive of a shot or fall of stars, as the Swedish stjemjfallt the 
Italian stella eaderUe^ and the English ttar shoot. In the woody district 
of the Orinoco, on the dreary banks of the Cassiquiare, I heard the na- 
tives in the Mission of Vasiva use terms still more inelegant than the 
<3erman ttar tnuff, (Relation Hittorique du Voy, aux Rigions Equinox., 
t, ii., p. 513.) These same tribes term the pearly drops of dew which 
cover the beautiful leaves of the heliconia ttar tpU. In the Lithuanian 
mythology, the imagination of the people has embodied its ideas of the 
nature and signification of fedling stars under nobler and more gracefiil 
symbols. The Parcse, Werpeja, weave in heaven for the new-bom 
child its thread of fate, attaching each separate thread to a star. When 
death approaches the person, the thread is rent, bud the star wanes and 
sinks to tne earth. Jacob Grimm, DeuUehe Mythologies 1843, s. 685. 

* According to the testimony of Professor Denison Olmsted, of Yale 
Oollege, New Haven, Connecticut. (See Poggend. , Annalen der Physik, \ 
bd. XXX., s. 194.) Kepler, who excluded nre-balls and shooting stars 
fiiom the domain of astronomy, because they were, according to his 
views, ** meteors "Arising from the exhalations of the earth, and blend- 
ing with the higher ether," expresses himself, however, generally with 
much caution. He says : " Stella cadentet sunt materia viseida inflam- 
mata. Earum aliqucs inter eadendum absumunturf aliqua verd in terrain 
ctsdunt, pondere sua tracta. Nee est dissimile vera, quasdam eonglohatat 
esse ex materia faculentdf in ipsam auram atheream immixta : exque 
adtheris regione, tractu rectilineOf per aerem trajicerc, ecu minutos com- 
etas, oeeultd causa motus utrorumque" — Kepler, Epit. Astron, Coper- 
nicana, t. i., p. 80. 

t Relation Hittoriptef t. i., p. 80, 213, 527. If in falling stars, as in 
comets, we distinguish between the head or nucleus and the tail, we 
shall find that the ^ater transparency of the atmosphere in tropical 
climates is evinced m the ^eater length and brilliancy of the tail which 
may be observed in those latitudes. The phenomenon is therefore not 
necessarily more frequent there, because it is oftener seen and contin- 
ues longer visible. The influence exercised on shooting stars by the 
character of the atmosphere is shown occasionally even in om: temper* 
ate zone, and at very small distances apart. Wartmann relates that on 
the occasion of a November phenomenon at two places lying very near 
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eaableB the eye to peaetiute furtjier into distaaee. Sir Alex- 
ander Bumes likewise extols as a consequence of the purity of 
the atmosphere in Bokhara the enchanting and constantly-re- 
curring spectacle of variously-colored shooting stars. 

The connection of meteoric stones with the grander phe- 
nomenon of fire-balls — the former being known to be project- 
ed from the latter with such force as to penetrate from ten 
to fifteen feet into the earth — has been proved, among many 
other instances, in the falls of aeroUtes at Barbotan, in the 
Department des Landes (24th July, 1790), at Siena (16th 
June, 1794), at Weston, in Connecticut, U. S. (14th Decem- 
ber, 1807), and at Juvenas, in the Department of Ardeche 
(15th June, 1821). Meteoric stones are in some instances 
thrown from dark clouds suddenly formed in a clear sky, and 
faU with a noise resembling thunder. Whole districts have 
thus occasionally been covered with thousands of fragmentary 
masses, of uniform character but unequal magnitudes, that 

each other, Greneva and Aux Flanchettes, the number of the meteors 
counted were as 1 to 7. (Wartmann, Mim, sur lea Eloilea JUcmtes, p. 
17.) The tail of a shooting star (or its train), on the subject of which 
Brandos has made so many exact and delicate observations, js in no 
way to be ascribed to the continuance of the imjpression produced by 
light on the retina. It sometimes continues visible a whole minute, 
and in some rare instances longer than the light of the nucleus of the 
shooting star; in which case the luminous track remains motionless. 
(Gilb., Ann.i bd. xiv., s. 251.^ This circumstance further indicates the 
analogy between large shootmg stars and 6re-balls. Admiral Krusen- 
stern saw, in his voyage round the world, the train of a fire-ball shine 
for an hour after the luminous body itself had disappeared, and scarce- 
ly move throughout the whole time. {ReUe, th. i., s. 58.) Sir Alex- 
ander Bumes gives a charming description of the transparency of the 
clear atmosphere of Bokhara, which was once so favorable to the pu]> 
suit of astronomical observations. Bokhara is situated in 39^ 43' north 
latitude, and at an elevatipn of 1280 feet above the level of the sea. 
" There is a constant serenity in its atmosphere, and an admirable clear- 
ness in the s^. At night, the stars have uncommon luster, and the 
Milky Way shmes gloriously in the firmament. There is also a never- 
ceasing display of the most brilliant meteors, which dart like rockets 
in the sky ; ten or twelve of them are sometimes seen in an hour, as- 
suming every color — ^fiely red, blue, pale, and faint. It is a noble 
country for astronomical science, and great must have been the ad- 
vantage enjoyed by the famed observatory of Samarkand.'' (Bumes, 
Travel* into Bokhara^ vol. ii. (1834), p. 158.) A mere traveler must 
not be reproached for calling ten or twelve ^tooting stars in an hour 
« many," since it is only recently that we have learned, from careful 
observations on this subject in Europe, that eight is the mean number 
which may be seen in an hour in the field of vision of one individual 
(Quetelet, Corre$p, Mathim., Novem., 1837, p. 447); this number is, 
however, limited to five or six by that diligent observer, Olbers. 
(Schum., Jahrb,, 1838, s. 325.) 
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oave been hurled from one of these moving clouik. In less 
frequent cases, as in that which occurred on the 16th of Sep- 
tember, 1843, at Kleinwenden, near Miihlhausen, a large 
aerolite feU with a thundering crash while the sky was clear 
and cloudless. The intimate affinity between fire-balls and 
shooting stars is further proved by the fact that fire-balls, from 
which metric stones have been thrown, have occasionally 
been found, as at Angers, on the 9th of June, 1822, haying a 
iiameter scarcely equal to that of the small fire*works called 
Roman candles. 

The formative power, and the nature of the physical and 
chemical processes involved in these phenomena, are questions 
ill equally shrouded in mystery, and we are as yet ignorant 
whether the particles composing the dense mass of meteoric 
itones are originally, as in comets, separated from one another 
in the form of vapor, and only condensed within the fiery ball 
when they become luminous to our sight, or whether, in the 
ease of smaller shooting stars, any compact substance actually 
falls, or, finally, whether a meteor is composed only of a smoke- 
(ike dust, containing iron and nickel ; while we are wholly 
ignorant of what takes place within the dark cloud from which 
a noise like thunder is often heard for many minutes before 
the stones fall.* 

* Oa meteoric duBt, see Arago, in the Annuaire for 1832, p. 254. 1 
have very receutly endeavored to show, iu another work {Aaie Ceniralet 
e. i., p. 408), hovsr the Scythian sa^of the sacred gold, which fell burn- 
ing from heaven, and remained iu the possession of the Golden Horde 
of the Paralatae (Herod., iv., 5-7), probably originated iu the vague rec- 
ollection of the fall of an aerolite. The ancients had also some strange 
fictions (Dio Cassius, Ixxv., 1259) of silver which had fallen from heav- 
en, and with which it had been attempted, under the Emperor Seve- 
rus, to cover bronze coins ; metcklUc iron was, however, known to exist 
in meteoric stones. (Plin., ii., 56.) The frequently-cecorring- expres- 
sion lapidibu9 pluit must not always be understood to refer to fans of 
aerolites. In Liv., xxv., 7, it probably refers to pumice (rapilli) eject- 
ed from the volcano, Mount Albanus (Monte Cavo), which was not 
wholly extinguished at the time. (See Heyue, Opuscula Acad., t. iii., 
p. 261 ; and my Relation Hist,, t. i., p. 394.) The contest of Hercules 
with the Ligyans, on the road from the Caucasus to the Hesperides, 
belongs to a different sphere of ideas, being an attempt to explain myth* 
really the origin of the. round quartz blocks iu the Ligyan field of stones 
at the mouth of the Rhone, which Aristotle supposes to have been eject- 
ed from a fissure during an earthquake, aud Posidonios to have been 
caused by the force of the waves of an inland piece of water. In the 
fragments that we still possess of the play of iEschylus, the PromeiheuM 
Delivered, every thing proceeds, however, iu. part of the narration, as 
in a fall of aerolites, for .lupiter draws together a cloud, and causes the 
** district around to be covered by a shower of round stones " Poeido- 
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We can ascertain by measurement the enormous, wonder* 
ful, and wholly planetary velocity of shooting stars, fire-balls, 
and meteoric stones, and we can gain a knowledge of what ia 
the general and uniform character of the phenomenon, but 
not of the genetically cosmical process and the results of the 
metamorphoses. If meteoric stones while revolving in space 
are already consolidated into dense masses,* less dense, how- 

nias even veiltared to deride the geognostic myth of the blocks and 
stones. The Lygian field of stones was, however, very naturally and 
well described by the ancients. The district is now known as La Crau. 
(See Guerin, Mesures Baromiiriqttet dans let Mpes, et M^Uorologie 
d^Avignortf 1829, cha^. xii., p. 115.) 

* The specific weight of aerolites varies from 1*9 (Alais^ to 4*3 
(Tabor). Their general density may be set down as 3, water being 1. 
As to what has been said in the text of the actual diameters of fire-balls, 
we most remark, that the nmnbers have been taken from the few 
measarements that can be relied apon as correct. These give for the 
fire-ball of Weston, Connecticut (14th December, 1807), only 500; for 
that observed by Le Boi (10th Julv, 1771) about 1000, and for that 
estimated by Sir Charles Blagden (18th January, 1783) 2600 feet in 
diameter. Brandos (Unterhaltungeut bd. i., s. 42) ascribes a diameter 
varying from 80 to 120 feet to shooting stars, and a luminous train ex- 
tending from 12 to* 16 miles. There are, however, ample optical caus- 
es for supposing that the apparent diameter of fire-balls and shooting 
stars has been very much overrated. The volume of the largest fii*e« 
ball yet observed can not be compared with that rf Ceres, estimating 
this planet to have a diameter of only 70 English miles. (See the 
generally so exact and admirable treatise, ijn the Connection of the 
Physical ScienceSf 1835, p. 411.) With the view of elucidating what 
has been stated in the text regarding the large aerolite that fell into 
the bed of the River Nami, but has not again been found, I will give 
the passage made known by Pertz, from the Chronicon Benedicti; Mow 
achi SancH Andrea in Monte Soracte, a MS. belonging^ to the tenth 
century, and preserved in the Chigi Libraiy at Rome. The barbarous 
Latin of that age has been left unchanged. *^ Anno 921, temporibite 
domini Johannis Decimi papCt in anno pontificatua illius 7 visa sunt sig' 
na. Nam juxta urbem Romam lapides plurimi de ecelo cadere visi sunt. 
In eivUate qutt vacatur Namia tarn diri ac tetri^ vt nihil aliud credalury 
quam de infemalibvs locis deducti essent. Nam ita ex iUis lapidibus 
unus omnium maximus est, ut d'^eidens in flumen Narnvs, ad mejisuram 
univs cubiti super aquas fiumint t usque hodie videretur. Nam et ignitte 
faeulte de ccbIo plurinue omnibus in hoc eivitate Romani populi visa sunt, 
ita ut pene terra contingeret. Alia eadentes," Ac. (Pertz, Momim, 
Oerm. Hist. Seriptores, t. iii.,^. 715.) On the aerolites of ^gos Pota- 
mos, which fell, according to the Parian Chronicle, in the 78 1 Olym- 
piad, see BOckh, Corp. Inser. Oraec, t.ii., p. 302, 320, 340; also Aris- 
tot. Meteor., i., 7 (Ideler*s Comm., 1. 1, p. 404-407) ; Stob., Eel. Phys., 
i., 25, p. 508 (Heeren); Flut., Lys., c. 12 ; Diog. Laert., ii., 10 ; and 
see, also, subsequent notes in this work. According to a Mongolian 
tradition, a black fragment of a rock, forty feet in height, fell from 
heaven on a plain near the source of the Great Yellow River in West- 
ern China. (Abel B^musat, in Lam^therie, Jour, de Phys,, 1819, Mai, 
p. 264.) 



Digitized 



by Google 



AEROLITBS. 117 

ever, than the mean density of the earth, they must be very 
small nuclei, which, surrounded by inflammable vapor or gas, 
form the innermost part of fire-balls, from the height and ap- 
parent diameter of which we may, in the case of the largest, 
estimate that the actual diameter varies from 500 to about 
2800 feet. The largest meteoric masses as yet known are 
those of Otumpa, in Chaco, and of Bahia, in Brazil, described 
by Rubi de Cehs as being from 7 to 7^ feet in length. The 
meteoric stone of iEgos Fotamos, celebrated in antiquity, and 
even mentioned in the Chronicle of the Parian Marbles, which 
fell about the year in which Socrates was born, has been de- 
scribed as of the size of two mill-stones, and equal in weight 
to a full wagon load. Notwithstanding the failure that has 
.attended the eflbrts of the African traveler, Brown, I do not 
wholly relinquish the hope that, even after the lapse of 2312 
years, this Thracian meteoric mass, which it would be so dif- 
ficult to destroy, may be found, since the region in which it 
fell is now become so easy of access to European travelers.^ 
The huge aerolite which in the beginning of the tenth centu- 
ry fell into the river at Narni, projected between three and 
four feet above the surface of the water, as we learn from a 
document lately discovered by Fertz. It must be remarked 
that these meteoric bodies, whether in ancient or modern times, 
can only be regarded as the principal fragments of masses that 
have been broken up by the explosion either of a fire-ball or 
a dark cloud. 

On considering the enormous velocity with which, as has 
been mathematically proved, meteoric stones reach the earth 
from the extremest confines of the atmosphere, and the length- 
ened course traversed by fire-balls through the denser strata 
, of the air, it seems more than improbable that these metallif- 
erous stony masses, containing perfectly-formed crystals of oli- 
vine, labradorite, and pyroxene, should in so short a period of 
time have been converted from a vaporous condition to a solid 
nucleus. Moreover, that which falls from meteoric masses, 
even where the internal composition is chemically difierent, 
exhibits almost always the peculiar tsharacter of a fragment, 
being of a prismatic or truncated pyramidal form, with broad, 
somewhat curved faces, and rounded angles. But whence 
comes this form, which was first recognized by Schreiber as 
characteristic of the severed part of a rotating planetary body t 
Here, as in the sphere of organic life, all that appertains to 
the history of development remains hidden in obscurity. Me- 
teoric masses become luminous and kindle at heights which 
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must be regarded as almost devoid of air, or occupied by au 
atmosphere that does not even contain yooVoo*^ P^^t of oxy 
gen. The recent investigations of Biot on the important phe 
nomenon of twilight* have considerably lowered the linea 
which had, perhaps with some degree of temerity, been usual 
ly termed the boundaiies of the atmosphere ; but processes of 
h'ght may be evolved independently of the presence of oxygen, 
and Poisson conjectured that aerolites were ignited far beyond 
the range of our atmosphere. Numerical calculation and geo- 
metncal measurement are the only means by which, as in the 
case of the larger bodies of our solar system, we are enabled to 
impart a firm and safe basis to our investigations of meteoric 
stones. Although Halley pronounced the great fire-ball of 1J686, 
whose motion was opposite to that of the earth in its orbit, t to 
be a cosmical body, Chladni, in 1794, first recognized, with 
ready acuteness of mind, the connection between fire-balls and 
the stones projected from the atmosphere, and the motions of the 
former bodies in space. t A brilliant confirmation of the cos- 
mical origin of t|;jese phenomena has been afibrded by Denison 
Olmsted, at New Haven, Connecticut, who has shovm, on the 
concurrent authority of aU eye-witnesses, that during the cele- 
brated fall of shooting stars on the night between the 12th 

* Biot, Traiti ePAstronomie Physique (3^me fed.)> 1841, t. i., p. 149, 
177, 238, 812. My lamented friead Poisson endeavored, in a singular 
manner, to solve the difficulty attending an assumption of the sponta- 
neous ignition of meteoric stones at an elevation where the density of 
the atmosphere is almost null. These are his words : '* It is difficult to 
attribute, as is usually done, the incandescence of aGrolites to friction 
against the molecules of the atmosphere at an elevation above the earth 
where the density of the air is almost null. May^ we not suppose that 
the electric fluid, in a neutral condition, forms a kind of atmosphere, ex- 
tending far beyond the mass of our atmosphere, yet subject to teiTes- 
trial attraction, although physically imponderable, and consequently 
following our globe in its motion ? According to this hy{>othesis, the 
bodies of which we have been speaking would, on entering this im- 
I>onderable atmosphere, decompose the neutral fluid by their uueaual 
action on the two electricities, and they .would thus be heated, ana in 
a state of incandescence, by becoming electrified." (Poiason, Reck, sur 
la Probability de$ JugemeiUs, 1837, p. 6.) , 

t PhUos, Transact,, vol. xxix., p. 161-163. 

t The first edition of Chladni^s important treatise, Ueber den Ur- 
sprung der von Pallas gefundenen und anderen Eisenmassen (On the 
Origin of the masses of Iron found by Pallas, and other similar masses), 
appeared two months prior to the shower of stones at Siena, and two 
years before Lichtenberg stated, in the QdUingen Ttuchenhnch^ tha 
''stones reach our atmosphere from the remoter regions of space.* 
Comp., fdso, Olbers's letter to Benzenberg, 18th Nov., 1837, in Ben 
senberg's TreaiUse on Shooting Btars^ p. 186. 
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and 13th of November, 1833, the fire-bftlls and shooting stan 
all emerged from one and the same quarter of the heayeus, 
namely, in the vicinity of the star y in the constellation Leo, 
and did not deviate from this point, although the star changed 
its apparent height and azimuth during the time of the observ- 
ation. Such an independence of the Earth^s rotation shows 
that the luminous body must have reached our atmosphere from 
udthout. According to Encke'6 computation* of the whole 

* Encke, in Foggen^*, Annaleiif bd. xzxiii. (1834), s. 213. Arago, 
in the Annuaire for 1836, p. 291. Two letters which I wrote to Ben- * 
zenberg. May 19 and October 22, 1837, on the conjectural precession 
of the nodes in the orbit of periodical falls of shooting stan. (Benzen- 
berg's SUmteh.f s. 207 and 209.) Olbers sabseqaently adopted this 
opinion of the gradual retardation of the November phenomenon. 
(Attron, Nachr.y 1838, No. 372, s. 180.) If I may venture to combine 
two of the falls of shooting stars mentioned by the Arabian writers 
with the epochs fonnd by Bognslawski for the fourteenth century, I 
obtain the following more or less accoidaiit elements of the movements 
of the nodes : 

In Oct., 902, on the nigHt in which King Ibrahim ben Ahmed died, 
there fell a heavy shower of shooting stars, " like a^fiery rain ;" and 
this year was, therefore, called the year of stars. (Conde, Hist, de la 
Domin. de lot Aretes, p. 346.) 

On the 19th of Oct., 1202, the stars were in motion all night. '* They 
fell like locusts." {Comptet ReriduSf 1837, t. i., p. 294 ; and Frsehn, in 
the Bull, de VAcadimie de 8t. PiterBhourg^ t. iii., p. SOS.'^ 

On the 21st Oct., O.S., 1366, " die sequente poH fesium XL millia Vir- 
ginum ab hora matutina usque ad horam primam visa sunt queui siella 
de cmlo eadere eonttnuo^ et in tanta muUUudmef quod nemo narrare tuf 
ficit." This remarkable notice, of which we shall speak more fully m 
the subsequent part of this work, was found by the younger Von Bo- 
guslawski, in Benesse (de Horowic) de Weitmii or WeithmQl, Ckron- 
icon Eeelona PragennSf p. 389. Tnis chronicle may also be found in 
the second part of Scriptores rerum Bphemdearumt by Felzel and Do' 
browsky, 1784. (Schum., Astr. Nachr., Dec., 1839.) 

On the night between the 9th and 10th of November, 1787, many fall- 
ing stars were observed at Manheim, Southern Germany, by Hemmer. 
(Kamtz, Meteor.., th. iii., s. 237.) 

After midnight, on the 12th of November, 1799, occurred the extra- 
ordinary fall of stars at Gumana, which Bonpland and myself have de 
scribed, and which was observed over a great i»art of the earth. {Reiat. 
Hist., t. i., p. 519-527.) 

Between the 12th and 13th of November, 1822, shooting stars, inter* 
mingled with fire-balls, were seen in large numbers by Kloden, at 
Potsdam. (Gilbert's AnH,, bd. Ixxii., s. 291.J 

On the 13th oil^ovember, 1831, at 4 o'clock in the morning, a great 
shower of falling stars was seen by Captain 66rard, on the Spanish 
coast, near Garthagena detLevante. {Aimuairet 1836, p. 297.) 

In the night between the 12th and 13th of November, 1833, occurred 
the phenomenon so admirably described by Professor Olmsted, in 
North America. 

In the night of the 13-1 4th of November, 1834, a similar fiill of shoot 
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number of obBervations made in the United States of North 
America, between the thirty-fifth and the forty-second degrees 
of latitude, it would appear that all these meteors came from 
the same point of space in the direction in which the Earth 
was moving at the time. On the recurrence of falls of shoot- 
ing stars in North America, in the month of November of the 
fears 1834 and 1837, and in the analogous falls observed at 
Bremen in 1838, a like general parallelism of the orbits, and 
ihe same direction of the meteors from the constellation Leo, 
were again noticed. It has been supposed that a greater 
parallelism was observable in the direction of periodic falls of 
shooting stars than in those of sporadic occurrence ; and it has 
further been remarked, that in the periodically-recurring falls 
in the month of August, as, for instance, in the year 1§39, the 
meteors came principally from one point between Perseus and 
Taurus, toward the latter of which constellations the Earth 
was then moving. This peculiarity of the phenomenon, mani- 
fested in the retrograde direction of the orbits in November 
and August, should be thoroughly investigated by accurate 
observations, in order that it may either be fully confirmed or 
refuted. 

The heights of shooting stars, that is to say, the heights of 
the points at which they begin and cease to be visible, vary 
exceedingly, fluctuating between 16 and 140 miles. This 
important result, and the enormous velocity of these problem- 
atical asteroids, were first ascertained by Benzenberg and 
Brandos, by simultaneous observations and determinations of 
parallax at the extremities of a base line of 49,020 feet in 
length.^ The relative velocity of motion is finom 18 to 36 
miles in a second, and consequently equal to planetary velocity. 
This planetary velocity,! as well as the direction of the orbits 
in^ stars was seen in North America, althoagh the nambers were not 
quite so considerable. (Poggend., Annalen, bd. xxxiv., s. 129.) 

On the 13th of November, 1835, a bam was set on fire by the fall of 
a sporadic fire-ball, at Belley, in the Department de PAin. (Annuaire, 
1836, p. 296.) 

In the year 1838, the stream showed itself most decidedly on the 
night of the 13-14th of November. (Astron, Nachr., 1838, No. 372.) 

* I am well aveare that, among the 62 shooting stars simultaneously 
observed in Silesia, in 1823, at the suggestion of Professor Brandos 
some appeared to have an elevation of 183 to 240, or ^ven 400 miles. 
(Brandes, UnierhaUungenf&r Freunde der Attronomie und PhysUe, heft 
i., s. 48. Instructive Narratives for the Lovers of Astronomy and Fhvs- 
tcs.) But Olbers considered that all determinations for elevations be- 
yond 120 miles must be doubtful, owing to the smallness of the parallax. 

t The planetary velocity of translation, the movement in the orbit, ig 
in Mercury 26*4, m Venus 19*2, and in the Barth 16^4 miles in a second 



gitized by Google 



Digitized 



AEBOLITA8. 121 

of fiie-balls And shooting stan, which has frequently been ob- 
served to be opposite to that of the Earth, may be coiiBidered 
as conclusive arguments against the hypothesis that aerolites 
derive their origin from the so-called active lunar volcanoes. 
Numerical views regarding a greater or lesser volcanic force 
on a small cosmical body, not surrounded by any atmospherei 
must, from their nature, be wholly arbitrary. We may imag- 
ine the reaction of the interior of a planet on its crust ten or 
even a hundred times greater than that of our present terres- 
trial volcanoes ; the direction of masses projected from a satel- 
lite revolving from west to east might appear retrogressive, 
owing to the Earth in its orbit subsequently reaching that 
point of space at which these bodies fall. If we examine the 
whole sphere of relations which I have touched upon in this 
work, in order to escape the charge of having made unproved 
assertions, we shall find that the hypothesis of the selenic ori- 
gin of iiieteoric stones* depends upon a number of conditions 

^ Ohladni states that an Italian physicist, Paolo Maria Tersago, on 
the occa«oa of the fall of an aerolite at Milan in 1660, by which a Fran- 
ciscan monk was killed, was the first who surmised that aerolites were 
of selenic origin. He says, in a memoir entitled Musaum Septdlianumt 
Manfredi SeptcUa, Patrieii MediolanensUf indusirioso labore eonsiruetum 
(Tortona, 1664, p. 44), **Labant philosophorum tnentea sub horum lapidnm 
ponderibits; ni 'dicim velimtttf lunam terram alteram, sine mimdum este^ 
ex cujus mowtihuB dinita frttitra in inferior em nostrum hunc orbem dela 
bantur" Without any previous knowledge of this conjecture, 01ber$. 
was led, in the year 1795 (after the celebrated ftdl at Siena on the 16th 
of June, 1794), into an investigation of the amount of the initial tangen- 
tial force that would be requisite to bring to the Earth masses project- 
ed from the Moon. This ballistic problem occupied, during ten or 
twelve years, the attention of the geometricians Laplace, Biot, Brandos, 
and Poisson. The opinion which was then so prevalent, but which .has 
since been abandoned, of the existence of active volcanoes in the Moon, 
where air and water are absent, led to a confusion in the minds of the 
generality of persons between mathematical possibilities and physical 
probabilities. Olbers, Brandes, and Chladni thought *' that the velocity 
of 16 to 32 miles, with which fire-balls and shootmg stars entered our 
atmosphere," furnished a' refutation to the view of their selenic origin. 
According to Olbers, it would require to reach the Earth, setting aside 
the resistance of the air, an initial velocity of 8292 feet in the second ; 
according to Laplace, 7862 ; to Biot, 8282 ; and to Poisson, 7595. La- 
place states that this velocity is only five or six times as great as that of 
a cannon ball ; but Olbers has shown " that, with such an initial veloc- 
ity as 7500 or 8000 feet in a second, meteoric stones would arrive at the 
surface of our earth with a velocity of only 35,000 feet (or 1*53 German 
geographical mile). But the measured velocity of meteoric stones av- 
erages five such miles, or upward of 114,000 feet to a second ; and, 
consequently, the original velocity of projection from the Moon must 
be almost 110,000 feet, md therefore fourteen tiiyi^s greater than L»> 
place asserted." (Olbers, in Schum., Jahrb,y 1837, p. 52-58; and n 
Vol. I.— F 



Digitized 



by Google 



122 COSMOS. 

whose accidental coincidence could abne convert a po8ai)le 
into an actual fact. The view of the original existence of 

Gebler, Ncdes Physik. WoHerbucke, bd. vi., abth. 3, 8. 2129-2136.) If 
we could assume volcanic forces to be still active on the Moon's surface, 
the absence of atmospheric resistance would certainly give to their 
projectile force an advantage over that of our terrestrial YoTcanoes ; but 
even in respect to the measure of the latter force (the projectile force 
of our own volcanoes), we have no observations on which any reliance 
can be placed, and it has probably been ^ceedingly overrated. Dr. 
Peters, who accurately observed and measured the phenomena present* 
ed by ^tna, found that the greatest velocity of any of the stones pro- 
jected from the crater was only 1250 feet to a second. Observations 
on the Peak of Teneriffe, in 1798, gave 3000 feet.. Although Laplace, 
at the end of his work {Expos, du Svst. du Monday ed. de 1824, p. 399), 
cautiously observes, regarding aerolites, ** that in all probability they 
come from the depths of space," yet we see from another passage 
(chap, vi., p. 233) that, being probably unapquainted with the extra- 
ordinary planetary velocity of meteoric stones, he inclines to the hy- 
pothesis oi their lunar origin, always, however, assuming that the stones 
projected from the Moon <' become satellites of our Earth, d^pscribmg 
around it more or less eccentric orbits, and thus not reaching its atmos- 
phere until several or even many revolutions have been accomplisbed.'' 
As an Italian at Tortona had the fancy that aerolites came from the 
Moon, so some of the Greek philosophers thought they came fh>m the 
Suq. This was the opinion of Diogenes Laertius (ii.^ 9) regarding the 
origin of the mass that fell at ^gos Potamos (see note, p. 116). Hiny, 
woose labors in recording the opinions and statements of preceding 
writers are astonishing, repeats the theory, and derides it the morfr 
freely, because he, with earlier writers (Dio^. Laert., 3 and 5, p« 9.9, 
Hdbner), accuses Anfaagoras of having predicted the fall of aerolites 
from the Sun: ''Celebrant Grseci Anaxagoram Clazomenium Qlym- 
piadis septuagesimse octavee secundo anno prsedixisse cselestinm littera- 
rum scientia, quibus diebus saxnm casurum e.8se e sole, idque factum 
interdiu in Thracise parte ad ^gos flumen. Quod si <^uis prssdictum 
credat, simul fateatur necesse est, majoris miraculi divinitatem Anax- 
^goraa fuisse, solvique rerUm naturae intellectum, et confundi omnia, si 
^utlpse Sol lapis esse autunquam lapidem.in eo fuisse credatur; de- 
cidere tamen crebro non erit dubium." The fall of a«tnoderate-sized 
stone, which is preserved in the gymnasium at Abydos, is also report- 
ed to have been foretold by Anaxagoras. The fell of aerolites in bright 
sunshine, and when the Moon's disk was invisible, probably led to the 
idea of sun-stones. Moreover, according to one of the physical dogmas 
of Anaxagoras,.v^hich brought on him Ihe persecution oi the theologians 
(even as they have attacked the gecdoffists of our own times), the Sun 
was ra^rded as ''a molten fiery mass" (jiOdpoc didicvpof). In accord- 
ance with these views of Anaxagoras, we find Euripides, in Pkaiion, 
tennin^ the Sun "a^goldeu mass;'^ that is to say, a fire-colored, bright* 
ly-shimng matter, but not leading to the inference that aSrolitea are 
golden sun-stones. (See^ote to page 115.) Compare Valckenaer, 
jHatribe in Eurip. perd. Dram. Reliq\iia8f 1767, p. 30. Diog; Laert., 
ii., 40. Hence, among the Greek philosophers, we find four hypotheses 
regarding the origin of falling stars: a telluric origin from ascending 
exhalations; masses of stone raised by hurricane (see Aristot., Af((;/£<7r., 
lib. i., cap. iv., 2-13, and cap. vii., 9); a solar origin; and. lastly, an 
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imall planetary masses in space is mmpler, and, at the same 
time, more analogous with those entertained concerning the 
formation of other porticms of the solar system. 

It is very probable that a large number of these cosmical 
bodies traverse space undestroyed by the vicinity of our at- 
mosphere, and revolve round the Sun without experiencing 
any alteration but a slight increase in the eccentricity of their 
orbits, occasioned by the attraction of the Earth's mass. We 
may, consequently, suppose the possibility of these bodies re- 
maining invisible to us during many years and frequent revo- 
lutions. The supposed phenomenon of ascending shooting 
stars and fire-balls, which Chladni has unsuccessfully endeav^ 
ored to explain on the hypothesis of the reflection of strongly 
eompressed air, appears at first sight as the consequence of 
some unknown tangential force propelling bodies from the , 
earth ; but Bessel has shown by theoretical deductions, con- 
firmed by Feldt's caxefully-conduoted calculations^ that, owijsg 
to the absence of any proofs of the simultaneous occurrence 
of the observed disappearances, the assumption of an ascent 
of shooting stars was rendered wholly improbable, and inad- 
missible as a result of observation.'*' The opinion advanced 
by Olbers that the explosion of shooting stars and i^ited firer 
balls not moving in straight lines m»y impel meteors upward 
in the manner of rockets, and influence the direction of their, 
orbits, must be made the subject of future researches. 

Shooting stars fall either separately and- in inconsiderable 
numbers, that is, sporadically, or m swarms ci many thou- 

orijpn in the re^ona of space, as heavenly bodies which had long ;e- 
Qiaioed invisible. Respecting this last opinion, which is that of Diog- 
enes of Apollonifi, and entirely accords with that of the present day, 
see pages 124 and 125. It is worthy of remark, that in Syria, as I have 
been assured by a learned Orientalist, now resident at Smyrna, Andrea 
de Nericat, who instcucted me in Persian, there is a popular belief that 
aerolites chiefly fall on clear moonlight nights. The ancients, on the 
contrary, especially looked for their fall during lunar eclipses. (See 
Pliny, xxxvu., 10, p. 164. Solinus, c. 37. Salm., Exerc.f p. 531 ; and 
the passages collected by Ukert, in his Qeogr, der Qriechen vnd Romery 
th. 11., 1,' s. 131, note 14.) On the improbability that meteoric masses 
are formed from metal-dissolving gases, which^ according to Fusinieri, 
may exist in the highest strata of our atmosphere, and, previously dif- 
fused through an almost boundless space, may suddenly assume a solid 
condition, and on the penetration and misceability of gases, see my 
Relat. Hut., t. i., p. 525. 

• Bessel, in Schum., Attr. Nachr., 1839, No 380 und 381, s. 222 und 
946. At the eonclasion of the Memoir there is a comparison of the 
Qtin's longitudes with the epochs of the November phenomenon, from 
the period of the first observations iu Cnmana in 1799. 
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sands. The latter, whicli are compared by Aral»[an authors 
to swarms of locusts, are periodic in their occurrence, and 
move in streams, generally in a parallel direction. Among 
periodic falls, the most celebrated are that known as the No- 
vember phenomenon, occurring from about the 12th to the 
14th of November, and that of the festival of St. Lawrence 
(the IGth of August), whose " fiery tears" were noticed in 
former times in a church calendar of England, no le3s than 
in old traditionary legends, as a meteorological event of con- 
stant recurrence.* Notwithstanding the great quantity of 
shooting stars and fire-balls of the most various dimensions, 
which, according to Kloden, were seen to fall at Potsdam on 
the night between the 12th and 13th of November, 1822, 
and on the same night of the year in 1832 throughout the 
, whole of Europe, from Portsmouth to Orenburg on the Ural 
River, and even in the southern hemisphere, as in the Isle of 
France, no attention was directed to the periodicity of the 
phenomenon, and no idea seems to have been entertained of 
the connection existing between the fidl of shooting stars and 
the recurrence of certain days, until the prodigious swarm of 
shooting stars which occurred in North America between the 
12th and 13th of November, 1833, aud was observed by 
Olmsted and Palmer. The stars fell, on this occasion, like 
flakes of snow, and it was calculated that at least 240,000 
had fallen during a period of nine hours. Palmer, of 'New 
Haven, Conneoticut, was led, in consequence of this splendid 
phenomenon, to the recollection of the ^fall of meteoric' stones 
in 1799, first described by Elhcot and myself, t and which, by 

* Dr. Tliomas Foister ( The Pocket Encyclopedia of Natural Ph^ 
nomejia, 1827, p. 17) states that a mauuscript is preserved in the libra- 
ry of Christ's College, Cambridge,* written in the tenth centary by a 
monk, and entitled Ephemerides Rerum Naturaliumt in which the nat- 
ural phenomena for each day of the year are inscribed, as, for instance, 
the first flowerins of plants, the arrival of birds, &c. ; the 10th of Au- 
gust is distinguished by the word " meteorodes." It was this indica^ 
tion, and the tradition of the fiery tears of St. Lawrence, that chiefly 
induced Dr. Forster to undertake his extremely zealous investigation 
of the August phenomena. (Quetelet, Correspond. Mathim., S6rie IIL, 
t. i., 1837, p. 433.) ' 

t Humb., ReL Hist,, t. i., p. 519-527. Ellicot, in the Transactions 
of the American Society, 1804, vol. vi., p. 29. Arago makes the follow- 
ing observations in reference to the November phenomena : ** We thud 
become more and more confirmed in the helief that there exists a zone 
composed of millions of small bodies, whose orbits cut the plane of the 

a [No such manuscript is at present known to exist in the library of flrnt collefB. 
For this information I am indebted to the inquiries of Mr. Cory, of Pembroke Col* 
lege, the learned editor of Wsro^lv^kies of HorapoUo Ntlous, Greek and English, 
l84a)~7V. 
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a oomparison of the facts I had adduced, showed that the 
phenomenon had been simultaneously seen in the New Conti- 
nent, irom. the equator to New Herrnhut in Greenland (64^ 
14' north latitude), and between 46^ and 82^ longitude. 
The identity of the epochs was recogx^^ed with astonishment. 
The stream, which had been seen from Jamaica to Boston 
(40^ 21' north latitude) to traverse the whole vault of heaven 
on the 12th and 13th of November, 1833, was again observed 
in the United States in 1834, on the night between the 13 th 
and 14th of November, although on Uiis latter occasion it 
showed itself with somewhat less intensity. In Europe the 
periodicity of the phenomenon has since been manifested with 
great regularity. 

Another and a like regularly recurring phenomenon is that 
noticed in the month of August, the meteoric stream of St. 
Lawrence, appearing between the 9th and 14th of August. 
Musohenbroek,* as early as in the middle of the last century, 
drew attention to the frequency of meteors in the month of 
August ; but their certain periodic return about the time of 
St. Lawrence's day was first shown by Quetelet, Olbers, and 
Benzenberg. We shall, no doubt, in time, discover other pe- 
riodically appearing streams,t prftbably about the 22d to the 

ecliptic at about the point which oar Earth annually occapifts between 
the 11th and 13th of November. It is a new planetary world begin- 
ning to be revealed to ua." (Annuairet 1836, p. 296.) 

* Compare Mnschenbroek, Jntrod. ad Phil. Nat., 1762, t. ii., p. 1061 ; 
Howard, On the Climate of London, voL,ii*» p* 23, obaervations of the 
year 1806; seven years, therefore, after the earliest observations of 
Brandos (Benzenberg, «der Slemschnuppen, s. 240-244) ; the August 
observations of Thomas Forster, in Quetelet, op. cit., p. 438-453 ; those 
of Adolph Erman, Boguslawski, and Kreil, in Schum., Jahrb., 1838, s. 
317-330. Regarding the point of origin in Perseus, on the 10th of Au- 
gust, 1839, see the accurate measurements of Bessel and Erman (Schum., 
Astr. Nachr,, No. 385 und 428); but on the 10th of August, 1837, the 
path does not appear to have been retrograde ; see Arago, in Compte* 
Rendus, 1837, t. li., p. 183. 

t On the 25th of April, 1095, " innumerable eyes in France saw stars 
falling from heaven as thickly as hail" {ut grando, nisi'lucerent, prq den- 
ntate puiaretur; Baldr., p. 88), and this occurrence was regarded by 
the Council of Clermont as indicative of the great movement in Chris- 
tendom. (Wilken, Oeteh, der KreuzzUge, hi, i., s. 75.) On the 25th 
of April, 1800, a great fall of stars was observed in Virginia and Mas 
sachusetts ; it was " a fire of rockets that lasted two hours.** Arago 
was the first to call attention to this ** trainee d'astero'ides," as a recur- 
ring phenomenon. {Annuaire, 1836, p. 297.) The foils of aerolites in 
the beginning of the month of December are also deserving of notice. 
In reference to their periodic recurrence as a meteoric stream, we may 
mention the early observation of Brandos on the night of the 6tfa and 
7th of December, 1798 (when he counted 2000 foiling stars), and very 
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25th of April, between the 6th and 12th of December, and, 
to judge by the number of true falls of aerolites enumerated 
by Capocci, also between the 27th and 29th of Nwember, or 
about the 1 7th of July. 

Although the phenomena hitherto observed appear to have 
been independent of the distance from the pole, the tempera- 
ture of the air, and other climatic relations, there is, however, 
one perhaps accidentally coincident phenomenon which must 
not be wholly disregarded. The Northern Light, the Aurora 
Borealis, was unusually brilliant on the occurrence of the 
splendid fall 6f meteors of the 12th and 13 th November, 1833, 
described by Olmsted. It was also observed at Bremen in 
1838, where the periodic meteoric fall was, however, less re- 
markable than at Richmond, near London. I have mentioned 
in another wbrk the singular fact observed by Admiral Wran- 
gel, and frequently confirmed to me by himself,* that when he 

probably the. enonnoiu fall of aerolites that oodured at the Bio Assa, 
near the village of Macao, in the Brazils, on the 11th of December, 1836. 
(Brandes, VnUrhait, /ftr Freunde der Phymk, 1825, heft i., s. 65, and 
Comptes Rendus, t. v., ^. 211.) Capocci; m the interval between 1809 
and 1839, a space of thurty years, has discovered twelve authenticated 
cases of aerolites occurring between the 27th and 29th of November, 
besides others on the 13th of November, the 10th of August, and the 
17th of July. {ComptcM Rendus, t zi., p. 357.) It is singular that in 
the portion of the Earth's path corresponding with the months of Jan- 
uarv and February, and probably also with March, no periodic streams 
of railing stars or aerolites have as yet been noticed;, although, when 
in the South Sea in the year 1803, 1 observed on the Idth oTMarch a 
remarkably large number of falling stars, and they were seen to &dl as 
in a swarm in the city of Qaito, shortly before the terrible earthquake 
of Biobamba on the 4th of February, 1797. From the phenomena hith* 
erto observed, the following epochs seem especially worthy of remark : 

22d to the 25th ef April. 

17th of July (17th to the 26th of July t). (Quet, Corr., 1837, p. 435.) 

10th of August 

12th to the 14th of November. 

27th to the 29th of November. 

6th to the 12th of December. 

When we consider that the regions of spdbe must be occupied by 
myriads of comets, we are led by analogy, notwithstanding the differ- 
ences existing between isolated comets and rings filled wiw asteroids, 
to regard the frequency of these meteoric streams with less astonish- 
ment than the first consideration of the phenomenon would be likely 
to excite. 

* Ferd. v. Wrangle, Reite Idngt der NordJc&tte von Sibirien in den 
Jahren, 1S20-1824, th. ii.', s. 259. Regarding the recurrence of the 
denser swarm of the November stream after an intervsJ of thirty-three 
years, see Olbers, inVo^r*., 1837, s. 280. I was informed in Cumana 
that shortly before the fearful earthquake of 1766, and consequently 
thirty-three years (the same interval)' before the great fall of stars on 



Digitized 



byGoOglf 



ABEOLITfivS. 1 il 

was on the Siberian coast of the Polar Sea, het)bserved, during 
an Aurora Borealis^ certain portions of the vault of heaven, 
vhich were not illuminated, light up and continue luminous 
whenever a shooting star passed over them. 

The difierent meteoric streams, each of which is composed 
of myriads of small cosmieal bodies, probably intersect our 
Earth's orbit in the same manner as Biela's comet. Accord- 
ing to this hypothesis, we may represent to ourselves these 
asteroid-meteors as conipoedng a closed ring or zone, within 
which they all pursue one common orbit« The smaller plan- 
ets between Mara and Jupiter present us, if we except Pallas, 
with an analogous relation in their 9onstantly intersecting 
orbits. As yet, however, we have no certain knowledge as 
to whether changes in the periods at which the stream be- 
comes visible, or the retardations of the phenomena of which 
I have already spoken, indicate a regular precession or oscilla- 
tion of Ihe nodes — ^that is to say, of the points oi intersection 
of the Earth's orbit and of that of the ring ; or whether this 
ring or zone attains so considerable a degree of breadth from 
the irregular grouping and distances apart of the small bodies, 
that it requires several days for the Earth to traverse it. The 
system of Saturn's satellites shows us likewise a group of im- 
mense width, composed of most intimately-connected cosmieal 
bodies. In this system, the orbit of the outermost (the seventh) 
satellite has such a vast diameter, that the Earth, in her rev- 
olution round the Sun, requires three days to traverse an ex- 
tent of space equal to this diameter. If, therefore, in ofie of 
these rings, which we regard as the orbit of a periodical 
stream, the asteroids should be so irregularly distributed as to 
consist of but few groups sufficiently dense to give rise to 
these plienomena, we may easily understand why we so sel- 
dom witness such glorious spectacles as those exhibited in the 
November months of 1799 and 1833. The agute mind of* 
Olbers led him almost to predict that the next appearance 
of the phenomenon of shooting stacs and fire-balls intermixed, 
falling like flakes of snow, would not recur imtil between the 
12th and 14th of November, 1867. 

the 11th and 12th of November, 1799, a similar fiery manifestation had 
been observed in the heavens. Bat it was on the 21st of October, 1766, 
and not in the beginning of November, that the earthquake occurred. 
Possibly some traveler in Quito may y^l be able to ascertain the day 
oil which the volcano of Oayambe, which is sittmted there, was for the 
space of an hour enveloped in falling stars, so that the inhabitants en. 
deavored to appease heaven by religious processions. {RelaL Hitt., 
t. i., chap- iv., p 307; chap- x., p. 520 and 527.) 
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The stream of the November asteroids has occasionally 
only been visible in a small section of the Earth. Thus, for 
instance, a very splendid meteoric shower was seen in England 
in the year 1837, while a most attentive and skillful observer 
at Braunsberg, in Prussia, only saw, on the same night, which 
was there uninterruptedly clear, a few sporadic shooting stars 
fall between seven o'clock in the evening and sunrise the next 
morning. Bessel* concluded from this '^ that a dense group 
of the bodies composing the great ring may have reached that 
part of the Earth in which England is situated, while the 
more eastern districts of the Earth might be passing at tht- 
time through a part of the meteoric ring proportionally lesk- 
densely studded with bodies." If the hypothesis of a regular 
progression or oscillation of the nodes should acquire greatei 
weight, special interest will be attached to the investigation 
. of older observations. The Chinese annals, in which great 
ialls of shooting stan(, as well as the phenomena of comets, - 
are recorded, go back beyond the age of TyrtsBus, or the sec^ 
ond Messenian war. They give a description of two streams 
in the month of March, one of which is 687 years anterior to 
the Chnfitian era. Edward Biot has observed that, among 
the fifty -two phenomena which he has collected from the 
Chinese annals, those that were of most frequent recurrence 
are recorded at periods nearly corresponding with the 20th 
and 22d of July, O.S., and might consequently be identical 
with the stream of St. Lawrence's day, taking into account 
that it has advanced since the epochs! indicated. If the faU 
of shooting stars of the 21st of October, 1366, O.S. (a notice 
of which was found by the younger Von Boguslawski, in 
Benessius de Horowic's Chromcon EcdesicR Pragends), be 
identical with our Novem|)er phenomenon, although the oc- 
currence in the fourteenth century was seen in broad day- 
light, we find by the precession in 477 years that this system 
of meteors, or, rather, its comjnon center of gravity, must de- 

* From a letter to myself, dated Jan. 24th, 1838. The enormous 
swarm of falling stars in November, 1799, was almost exclusively seen 
in America, where it was vdtnessed from New Hermhut in Greenland 
to the equator. The swarms of 1831 and 1832 were visible only in 
Europe, and those of 1833 and 1834 only in the United States of North 
America. 

t Lettre de M. Bdonard Biotl M. Qnetelet, sur les anciennes appari- 
dons d'Etoiles Filante^ en Chine, in the Bull, de VAcadimie de Brv4x> 
elleSf 1843, t. z., No. 7, p. 8. On the notice^ from the Chronicon Ec- 
clena Pragensis, see the younger Bogaslawski^in Poggend., AnntUen, 
bd. xlviii., s. 612. 
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ichbe a retrograde orbit round the Sunt It also fcUowg, from 
the views thus developed, that the non-appearance, during 
certain years, in any portion of the Earth» of the two streams 
hitherto observed in November and about the time of St. 
Lawrence's day, must be ascribed either to an interruption b 
the meteoric ring, that is to say, to intervals occurring be- 
tween the asteroid groups, or, according to Poisson, to the ac- 
tion of the larger planets* on the form and position of thit 
annulus. 

The soHd masses which are observed by night to fall to the 
earth from fire-baUs, and by day, generally when the sky is 
clear, from a dark small cloud, are accompanied by much 
noise, and although heated, are not in an actual state of in- 
candescence. They undeniably exhibit a great degree of gen- 
eral identity with respect to their external form, the character 
of their crust, and the chemical composition of their principal 
constituents. These chasacteristics of identity have been ob- 
served at all the difierent epochs and in the most various parts 
of th^ earth in which these meteoric stones have been found. 
This striking and early-observed analogy of physiognomy in 
the denser meteoric masses is, however, met by many excep- 
tions regarding individual points. What differences, for in- 
stance, do we not find between the malleable masses of iron 
of Hradschina in the district of Agram, those from the shores 
of the Sisim in the government of Jeniseisk, rendered so cele- 
brated by Pallas, or those which I brought from Mexico,t all 
of which contain 96 per cent, of iron, from the aerolites of 
Siena, in which the iron scarcely amounts to 2 per cent., or 
the earthy aerolite of Alais (in the Department du Gard), 
which broke up in water, or, lastly, from those of Jonzac and 
Juvenas, which contained no metallic iron, but presented a 

* " It' appears that an apparently inexhaostible number of bodies, too 
small to be observed, are moving in the regions of space, either around 
the Sun or the planets, or perhaps even around their satellites. It is 
supposed that when these bodies come in contact with our atmosphere, 
the difference between their velocity and that of our planet is so great, 
that the friction which they experience from their contact with the air 
heats them to incandescence, and sometimes causes their explosion. If 
the ^roup of falling stars form an annulus around the Sun, its velocity 
of circulation may be very different from that of our Earth ; and the 
displacements it may experience in space, in consequence of the actions 
of the various planets, may render the phenomenon of its intersecting 
the planes of the ecliptic possible at some epochs, and altogether im< 
possible at others." — Poisson, Recherekes *ur la Probability des Jugc 
mmta, p. 306, 307. 

t Humboldt, Euai Politique tur la Nouv* Espagne (2de 6dit.), t. iii. 
p. 310. 

F2 
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mistture of oryvtognostieally distinet cryBtalline components ! 
These differences have led mineralogists to separate these cos* 
mical masses into two classes, namely, those containing nick 
elliferous meteoric iron, and those consisting of fine or coarse*' 
ly-granular meteoric dust. The crust or rind of aerolites is 
peculiarly characteristic of these hodies, being only a few 
tenths of a line in thickness, often glossy and pitch-like, and 
occasionally veined.* There is only one instance on record, 
as far as I am aware (the aerolite of Chantonnay, in La Ven- 
due), in which the rind was absent, and this meteor, like that 
of Juvenas, presented likewise the peculiarity of having pores 
and vesicular cavities. In all other cases the black crust is 
divided from the inner light-gray mass by as sharply-defined 
a line of separation as is the black leaden-colored investment 
of the white granite blockst which I brought from the cata- 
racts of the Orinoco, and which are also associated with 
many other cataracts, as^ for instance, those of the Nile and 
of the Congo River. The greatest heat employed in our 
porcelain ovens would be insufficient to produce any thing 
similar to the crust of meteoric stones, whose interior re- 
mains wholly unchanged. Here and there, facts have been 
observed which would seem to indicate a fusion together of ' 
the meteoric fragments ; but, in general, the character of the 
aggregate mass, the absence of compression by the fall, and 
the inconsiderable degree^ of heat possessed by these bodies 
when they reach the earth, are all exposed to the hypothecs 
of^the interior being in a state of fusion during their short 
passage from the boundary of the atmosphere to our Earth. 

The cfiemical elements of which these meteoric masses 
consist, and on which Berzefius has thrown so much light, 
are the same as those distributed throughout the earth'cf 
crust, and are fifteen in number, namely, iron, nickel, cobalt, 
manganese, chromium, copper, arsenic, zinc, potash, soda, sul- 
phur, phosphorus, and carbon, constituting altogether nearly 
oile third, of all the known simple bodies. Notwithstanding 
this similarity with the primary elements into which inorganic 
bodies are chemically reducible, the aspect; of aerohtes, owing 
to the mode in which their constituent parts are compounded, 
presents, generally, some features foreign to our telluric rocks 
and minerals. The pure native iron, which is almost always 

* The pecaliar color of their citist was observed even as early as ia 
the time of Fliny (ii., 56 and 58) : '' colore adusto." The phrase ''latent 
bus pluisse" seems also to refer to the burned outer surfiice of aerolites. 

t Humb., Rel, Hist.f t. ii., chap, xx., p. 299-302. 
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found iuoorporated with aerolites, imparts to them a pecul- 
iar, but not, consequently, a selenic character ; for in other 
regions of space, and in other cosmical bodies besides our Moon,^ 
water may be wholly absent, and processed of oxydation of 
rare occursence. 

Cosmical gelatinous vesicles, similar to the organic nostoc 
(masses which have been supposed since the Middle Ages to 
be connected with shooting stars), and those pyrites of Sterli 
tamak, west of the Uralian Mountains, which are said to have 
constituted the interior of hailstones,* must both be classed 
among the mythical fables of meteorology. Some few aero- 
lites, as those composed of a finely granular tissue of olivine, 
augite, anjd labradorite blended together! (as the meteoric'stouQ 
found at Juvenas, in the Department de T Ardeche, which re- 
sembled dolorite), are the only ones, as Gustav Rose has 
remarked, which have a more familiar aspect. These bodies 
contain, fox instance, crystalline substances, perfectly similar 
to those of our earth's crust ; and in the Siberian mass of 
meteoric iron investigated by JPallas, the olivine only differs 
from common olivine by the absence of nickel, which is re- 
placed by ojcyd of tin.J As meteoric olivine, like our basalt, 
contains frpm 47 to 49 per cent, of magnesia, constituting, 
according to Berzelius, almost the half of the earthy compo- 
nents of meteoric stones, we can not be surprised at the great 
quantity of siHcate of magnesia found in these cosmical bodies. 
If the a^rohte of Juvenas contain separable crystals of augite 
and labradorite, the numerical relation of tbe constituents 

* Grttstav Rose, Reise nach dem Vralf bd. ii., ». 202. 

t Gustav Rose, in Poggend., Ann.f 1825, bd. iv., s. 173-192. Ram- 
melsberg, Erttes Suppl. zum chem. Handworterbuehe der Mineralogie, 
1843, 8. 102. " It is," says the clear-minded observer Olbers, " a re- 
markable but hitherto unregarded fact, that while shells are found in 
secondary and tertiary formations, no fossil meteoric stones have as yet 
been discovered. May we conclude from this circumstance that pae- 
vions to the present and last modification of the earth's surface no me- 
teoric stones fell on it, although at the present time it appears probable, 
from the researches of Schreibers, that 700 fall annually ?" (Olbers, 
in Schum., Jahrb.y 1838, s. 329.^ Problematical nickelliferous masses 
of native iron have been found -m Northern Asia (at the gold-washing 
establishment at Petropawlowsk, eighty miles southeast of Kasnezk), 
imbedded thirty-one feet in the ground, and more^cently in the West- 
ern Carpathians (the mountain chain of Magura, at Szlanicz), both of 
which are remarkably like meteoric stones. Compare Erman, Arckiv 
fitr vjissenschaftliche Kundevon Russland, bd. i., 8. 315, and Haidinger, 
Berieht aber Szlaniczer Schiirfe in Ungam, 

X Berzelius, Jahresber.^ bd. xv., s. 217 und 231. Rammelsberg, 
HandiDorterb.y abth. ii., s. 25-28. 
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render it at least probable that the meteoric masses of Cfaa* 
teau-Renard may be a compound of diorite, consisting of horn- 
blende and albite, and those of Blahsko and Chantonnay com* 
pounds of hornblende and labradorite. The proofs of the tel- 
luric and atmospheric origin of aerolites, which it is attempt- 
ed to base upon the oryctognostic analogies presented by these 
bodies, do not appear to me to possess any great weight. 

Recalling to mind the remarkable interview between New- 
tjon and Conduit at Kensington,* I would ask why the ele- 
mentary substances that compose one group of cosmical bodies, 
or one planetary system, may not, in a great measure, be iden- 
tical ? , Why diould we not adopt this view, since we may 
conjecture that these planetary bodies, like all the larger or 
smaller agglomerated masses revolving round the sun, have 
been thrown off from the once far more expanded solar at- 
mosphere, and been formed from vaporous rings describing 
their orbits round the central body ? We are not, it appears 
to me, more justified in applying the term telluric to the nickel 
and iron, the olivine and pyroxene (augite), found in meteoric 
stones, than in indicating the German plants which I found 
beyond the Obi as European species, of the fiora of Northern 
Asia. If the elqmentary substances composing a group of 
cosmical bodies of difierent magnitudes be identical, why 
should they not likewise, in obeying the laws of mutual at- 
traction, blend together under definite relations of mixture, 
composing the white glittering snow and ice in the polar zones 
of the planet Mars, or constituting in the smaller cosmical 
masses mineral bodies inclosing crystals of olivine, augite, and 
labradorite ? Even in the domain of pure conjecture we should 
not sufier ourselves to be led away by unphilosophical and ar- 
bitrary views devoid of the support of inductive reasoning. 

Remarkable obscurations of the sun's disk, during which 
the stars have been seen at mid-day (as, for instance, in the 
obscuration of 1547, which continued for three days, and oc- 
curred about the time of the eventfiil battle of Miihlberg), 
can not be explained as arising from volcanic ashes or mists, 
and were regarded by Kepler as owing either to a materia 
cometicat or to a black cloud formed by the sooty exhalations 
of the solar body.* The shorter obscurations of 1090 and 
1203, which continued, the one only three, and the other six 

* " Sir Isaac Newton said he took all the planets to be composed of 
the same matter with the Earth, viz., earth, water, and stone, bat vari* 
ously concocted." — Turner, Collections for the History of Grantham^ 
containing authentic Memoirs of Sir Isaac Newton^ p. 172. 
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hoiiXB, were supposed by Chladni and Schnurrer to be occa 
sioned by the passage of meteoric masses before the sun's disk. 
Since the period that streams of meteoric shooting stars were 
first considered with reference to the direction of their orbit 
as a closed ring, the epochs of these mysterious celestial phe- 
nomena have been observed to present a remarkable connec 
tion with the regular recurrence of swarms of shooting start 
Adolph Erman has evinced great aouteness of mind in his ac- 
curate investigation of the facts hitherto observed on. this sub- 
ject, and his researches have enabled hir^ to discover the con- 
nection of the sun's oonjunctiiNi with the August asteroids on 
the 7th of February, and with the November asteroids on the 
12th of May, the latter period corresponding with the days 
of St. Mamert (May 11th), St. Pancras (May 12th), and St. 
Servatius (May 13th), which, according to popular beUef, 
were accoimted " cold days."* 

The Greek natural philosophers, who were but little dis 
posed to pursue observations, but evinced inexhaustible fer 
tility of imagination in giving the most various interpretation 
of half-perceived facts, have, however, left some hypotheses 
regarding shooting stars and meteoric stones which strikingly 
accord with the views now almost universally admitted of 
the cosmical process of these phenomena. ^^ Falling stars," 
says Plutarch, in his life of Lysander,! ** are, according to 

* Adolph Erman, in Fosgend., Antuden, 1839, bd. zlviii., b. 582' 
601. Biot had previously thrown doubt regarding the probability of 
the November stream reappearing in the beginning of May {Comptei 
Rendut, 1836, t. ii., p. 670). Madler has examinea the mean depres- 
sion of temperature on the three ill-named days of May by Berh'n ob- 
servationa lor eighty-six years ( Verkandl. da Vereins zur Befdrd. dcs 
Oarienbauesy 1834, s. 377^, and found a retrogression of temperature 
amounting to 29-2 Fahr. from the 11th to the 13th of Ms^, a period at 
which nearly the most rapid advance of heat takes place. It is much 
to be desired that this phenomenon of depressed temperature, which 
some have felt indinea to attribute to the melting of the ice in the 
northeast. of Europe, shocQd be also investigated in very remote spots, 
as in America, or it the southern hemisphere. (Comp. Bull, de I* Acad, 
Imp, de 8L Pitertbaurg, 1843, t. i., No. 4.) 

t Flut, ViUe par. in LytandrOt cap. 22. The statement of Dama- 
chos (Dalmachos), that for seventy days continuously there was a fiery 
cloud seen in the sky, emitting sparks like falling stars, and which then, 
sinking nearer to the earth, let fall the stone of JSgos Potambs, " which, 
however, was only a small part of it,'- is extremely improbable, since 
the direction and velocity ot the fire<cloud would in that case of neces- 
sity have to remain for so many days the same aS those of the earth ; 
and this, in the fire-ball of the 19th of July, 1686, described, by Ualley 
( Trans., vol. xxix., p. 163), lasted only a few minutes. It is not alto- 
ge&er certain whether Dalmachos, the writer, wepl ciae/^elaf, was the 
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the opinion of some physicists, not eruptions of the ethereal 
fire extinguished in the air immediately after its ignition, nor 
yet an inflammatory combustion of the air, which is dissolved 
in large quantities in the upper regions of space, but these 
meteors are rather a fall of celestial bodies, which, in conse- 
quence of & certain intermission in the rotatory force, and by 
the iitopalse of some irregular movement, have been hurled 
down not only to the inhabited portions of the £arth, but 
also beyond it into the great ocean, where we can not £nd 
them." Diogenes of ApoUonia* expresses himself still more 
exphcitly. According to his views, *' Stars that are invisible, 
and, consequently, have no name, move in space together with, 
those that are visible. These invisible stars frequently fall 
to the earth and are extinguished, as the stony star which fell 
burning at ^gos Potamos." The Apollonian, who held all 
other stellar bodies, when luminous, to be of a pumice-like, 
nature, probably grounded his opinions regarding shooting 
stare, and meteoric masses on the doctrine of Anaxagoras the 
Clazomenian, who regarded all the bodies i^ the universe 
'* as fragments of rocks, which the fiery ether, in the force 
of its gyratory motion, had torn from the Earth and con- 
verted into stars." In the Ionian ^M^hool, therefore, according 
to the testimony transmitted to us in the views of Diogenes 
oi Apollonia, aeroUtes and stars were ranged in one. and the 
same class ; both, when considered with reference to their 
primary origin, being equally telluric, this being understood 
only so far as the Earth was then regarded as a central body,t 

same person as DaSmachos of Platsea, who was sent by Selencas to 
India to the son of Androoottos, and who was charged by Strabo with . 
being ** a speaker of lies" (p. 70, Casaub,). From anotlier passage of 
Plutarch {Compar. Soloni* e. Cop.rtap. 5) we should almost believe 
that he was. At all events, we have here only the evidence of a very 
lato author, who wrote a century and a half after the fall of aerolites 
occurred in Thrace, and whose authenticity is also doubted by Plutarch. 

* Stob., ed. Heeren, i., 25, p. 508 ; Pint, de plae. Philot,, ii., 13. 

t The remarkable passage in Pint., deplae. PhUoM.^ ii., 13, runs thns: 
** Anaxagoras teaches that the surroundmg ether is a fiery substance, 
which, by the/power of its rotation, tears rocks from the earth, inflames 
them, and converts them into stars." Applying an ancient fable to il- 
lustrate a physical dogma, the Clazomenian appears to have ascribed 
the Ml of the Nemaean Lion to the Peloponnesus from the Moon to 
such a rotatory or centrifugal force. (iEliaii., zii., 7 ; Plut., de Facie 
in Orbe Lunt^, c. 24 ; Schol. ex Cod. Paris., in ApoU. Argon.^ lib. i., 
p. 498, ed. Schaef., t. ii., p. 40; Meiueke, AnnaL AUx.. 1843, p. 85.) 
Here, instead of stonea from the Moon, we have an niiiaiul from the 
Moon t According to an acute remark of Bikkh, the ancient ray thol- 
ogy of the Nemsan lunar lion has an astronomical origin, ami ia sym^' 

4 



Digitized 



by Google 



AEROLITBS. 185 

• 

foiming all thingfs around it in the same manner as "we, ac- 
cording to our present views, stippose the planets of our 83rs- 
tern to have originated in the expanded atmosphere of anoth- 
er central body, the Sun. These views must not, therefore, 
be confounded with what is commonjy termed the tellaric or 
atmospheric origin of meteoric stones, nor yet with the singu- 
lar opinion of Aristotle, which supposed the enormous mass 
of JEgoB Potamos to have been raised by a hurricane. That 
arrogant spirit of incredulity, which rejects facts without at- 
tempting to investigate them, is in sonie cases almost more 
injurious than an unquestioning credulity. Both are alike 
detrimental to the force of investigation. Notwithstanding 
that for more than two thousand years the annals of difierent 
nations had recorded falls of meteoric stones, many of which 
had been attested beyond all doubt by the evidence of irre- 
proachable ^e-witnesses-T-notwithstanding the imjportant part 
enacted by tne Beetylia in the meteor- worship of the ancients 
— notwithstanding the fact of the companions of Cortez hav- 
ing seen an aerohte at Cholula which had fallen on the neigh- 
baring pyramid — notwithstanding that califs and Mongolian 
chiefs had caused swords to be forged from recently-fallen 
meteoric stones— nay, notwithstanding that several persons 
had been struck dead by stones falling from heaven, as, for 
instance, a monk at Crema on the 4th of September, 1511, 
another monk at Milan in 1650, and two Swedish sailors on 
. board ship in 1674, yet this great cosmical phenomenon re- 
mained almost wholly unheeded, and its intimate connection 
vrith other planetary systems unknown, until attention was 
drawn to the subject hv Chladni, who had already gained in> 
mortal renown by his discovery of the sound-figures; He who 
is penetrated with a sense of this mysterious connection, and 
whose mind is op^!i to deep impressions of nature, will feel 
himself moved by the deepest and most solemn emotion at 
the sight of every star that shoots across the vault of heaven, 
no less than at ihe glorious spectacle of meteoric swarms in 
the November phenomenon or on St. Lawrence's day. Here 
motion is suddenly revealed in the midst of nocturnal rest. 
The still radiance of the vault of heaven is for a moment an- 
imated with life and movement. In. the mild radiance left 
on the track of the shooting star, imagination pictures the 
lengthened path of the meteor through the vault of heaven, 

bolically connected in chronology with the cycle of intercalation of the 
Itmar year, with the moon-wonmip at Nemira, and the games by which 
it waa accompanied. 
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while, every where around, the luminous asteroids proclaim 
the existence of one common material imiverse. 

If we compare the volume of the innermost of Satura's sat- 
ellites, or that of Ceres, with the immense volume of the Sun, 
all relations of magnitude vanish from our minds. The ex- 
tinction of suddenly resplendent stars in Cassiopeia, Cygnus, 
and ^erpentarius have already led to the assumption of other 
and non-luminous cosmical bodies. We now know that the 
meteoric asteroids, Spherically agglomerated into smalLmasses, 
revolve round the Sun, intersect, like comets, the orbits of the 
luminous larger planets, and become ignited either in the vi- 
cinity of our atmosphere or in its upper strata. 

The only media by which we are brought in connection 
with other planetary bodies, and with all portions of the uni- 
verse beyond our atmosphere, are light and heat (the latter 
of which can scarcely be separated from the former),* and 
those mysterious powers of attraction exercised by remote 
masses, according to the quantity of their constituents, upon 
our globe, the oceaUi and the strata of our atmosphere. An- 
other and difierent kind of cosmical, or, rather, material mode 
of contact is, however, opened to us, if we admit falling stars 
and meteoric stones to be planetary asteroids. They not only 
act upon us merely from a distance by the excitement of lumin- 
ous or calori£c vibrations, or in obedience to the laws of mu- 
tual attraction, bul they acquire an actual material existence 
for us, reaching our atmosphere from the remoter regions of 
universal space, and remaining on the earth itself Meteorio 
stones are the only means by which we can be brought in pos- 
sible contact with that which is foreign to our own planet. 
Accustomed to gain our knowledge of what is not telluric 
solely through measurement, calculations, and the deductions 
of reason, we experience a sentiment of astonishment at find- 
ing that we may examine, weigh, and-analyze bodies that ap- 

* The foUowing remarkable passage on the radiation of heat from 
the fixed stars, and on their low comDastion and vitality— -one of Kep- 
ler's many aspirations— occars in the PareUipam. t» Vilell. AUron. pom 
Optica^ 1604, Propos. xxxii., p. 25 : " Luois proprium est calor, svdera 
omnia calefaciont. De syderam luce claritatis ratio testatur, calorem 
universomm in minori esse proportione ad calorem unius solis, qnam 
at ab homine, ci:yufl est certa caloris mensura, uterquo simal percipi et 
judicari possit. De cincindulamm lucula tenaissima negare non potes, 
qoin cum calore sit. Vivunt enim et moventur, hoc autem non sine 
calefactione perficitur. Sic neqne putrescentium li^norum lax suo ca- 
lore destitnitur ; nam ipsa puetredo qnidam lentus ignis est. Inest et 
Btirpibus suns calor. '^ (Compare Kepler, Efit, Astron. Copemicante, 
1618, t. i., lib. i^ p. 35.) 
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pertain to the outer world. This awaken^, by the power oi 
the imagination, a meditative, spiritual train of thought, where 
the untutored mind perceives only scintillations of light in the 
firmament, and sees in the blackened stone that falls from the 
exploded cloud nothing beyond the rough product of a powers 
fill natural force. 

Although the asteroid-swarms, on which we have been led, 
from special predilection, to dwell somewhat at length, ap- 
proximate to a certain degree, in their inconsiderable mass 
and the diversity of their orbits, to comets, they present this 
essential difierence from the latter bodies, that our knowledge 
of their existence is almost entirely limited to the moment of 
their destruction, that is, to the period when, drawn within 
the sphere of the Earth's attraction, they become luminous 
and ignite. 

In order to complete our view of all that we have learned 
to (t>nsider as appertaining to our solar system, which now, 
since the discovery of the smaU planets, of the interior comets 
of short revolntions, and of the meteoric asteroids, is so rich 
and complicated in its form, it remains for us to speak of the 
ring of zodiacal light, to which we have already alluded. 
Those who have lived for many years in the zone of palms 
must retain a pleasing impression of the mild radiance with 
which the zodiacal light, shooting pyramidally upward, illu- 
mines a part of the uniform length of tropical nights. I have 
seen it shine with an intensity of light equal to the milky way 
in Sagittarius, and that not only in the rare and dry atmos- 
phere of the summits of the Andes, at an elevation of from 
thirteen to fifteen thousand feet, but even on the boundless 
grassy plains, the llanos of Venezuela, and on the sea-shore, 
beneath the ever-clear sky of Cumana. This phenomenon 
was often rendered especially beautiful by the passage of light, 
fleecy clouds, which stood out in picturesque and bold relief 
from the luminous back-ground. A notice of this aerial spec- 
tacle is c(mtained in a passage in my journal, while I was 0131 
the voyage from Lima to the western coasts of Mexico : " For 
three or four nights (between 10^ and 14^ north latitude) the 
zodiacal light has appeared in greater splendor than I have 
ever observed it. The transparency of the atmosphere must 
be remarkably great in this part of the Southern Ocean, to 
judge by the radiance of the stars and nebulous spots. From 
the 14th to the 19th of March a regular interval of three 
quarters of an hour occurred between the disappearance of the 
' sun's disk in the ocean and the first manifestation of the zodi* 



Digitized 



by Google 



138 COSMOS. 

acal lights although the night was already perfectly dark. Ab 
hour after sunset it was seen in gredt hrilliancy hetween Alde- 
baran and the Pleiades ; and on the 18th of March it attained 
an altitude of 39° 5'. Narrow elongated clouds are scattered 
over the beautiful deep azure of the distatit horizon, flitting 
past the zodiacal light as before a golden curtain. Above 
these, other cbuds are from time to time seflecting the most 
brightly variegated colors. It seems a second Bunset. On 
this side of the vault of heaven the lightness of the night ap- 
pears to increase almost as much as at the first quarter of the 
moon. Toward 10 o'clock the zodiacal light generally becomes 
very faint in this part of the Southern Ocean, and at midnight 
[ have scarcely Been able to trace a ves^e of it. On the 16th 
of March, when most strongly Juminous, a faint reflection was 
visible jn the east." In our gloomy so-called " temperate'' 
northern zone, the zodiacal light is only distinctly visible in 
the beginning of Spring, after the evening twilight, in the 
western part of the sky, and at the cbse of Autumn, before 
the dawn of day,, above the eastern horizon. 

It is difficult to understand how so striking a natural phe- 
nomenon should have failed to attract the attention of physi- 
cists and astronomers imtil the middle of the seventeenth cen- 
tury, or how it could have escaped the observation of the Ara- 
bian natural philosophers in ancient* Bactria, on the Euphra- 
tes, and in the south of Spain. Almost equal surprise is ex- 
cited by the tardiness of observation of the nebulous spots in 
Andromeda and Orion, first described by &imon Marius uid 
Huygens. The earliest explicit description of the zodiacal 
light occurs in Childrey's Britannia Bacomoa^* in the year 

* " There is another thing which I recommend to the observatioii 
of mathematical men, which is, that in Febraary , and for a little before 
and a little after that month (as I have observed several years together), 
about six in the evening, when the twilight hath almost deserted the 
horizon, yon shall see a plainly discernible way of the twilight striking 
up toward the Pleiades, and seeming almost to touch them. It is so 
observed anv clear night, bnt it is best iliac nocte. There is no such 
way to be observed at any other time of the year (that I can perceive), 
Dor any other way at that time to be perceived darting up elsewhere ; 
and I believe it hath beedf and will be constantly visible at that time 
»f the year; but what the caose of it in nature should be, I can not yet 
imagine, but leave it to fiture inquiry.'* (Childrey, BrUtMnia Baeo- 
mea, 1661, p. 183.) This is Uie first view and a simple description of 
the phenomenon. (Cassini, Dicouverte de la LumUre CiUsU qui pa- 
roii da$u le Zodiaqtie, in the MSm. de VAcad.^ t. viii., 1730, p. 276. 
Mairan, Trait€ /*Ayt» de VAurore BorSale, 1754, p. 16.) In this i-emSrk- 
able work by. Ghildrey there are to be found (p. 91) vei^ clear acconafli 
of the epochs of «F»'"'"a aad minima dinmal and amstnu; temperatoroSi 
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1061. The first observation of the pheaopieaou may have 
been niade two or three years prior to this period ; but, not- 
withstanding, the merit of having (in the spring of 1683) been 
the first to investigate the phenomenon in all its relations in 
space is incontestably due to i)ominicuB Cassini. The light 
which he saw at Bologna in 1668, and which was observed 
at the same time in Persia by the celebrated traveler Char- 
din (the court astrologers of Ispahan called this light, which 
had never be£)re been observed, nyzek, a small lance), was 
not the zodiacal light, as has often been asserted,* but the 

and of the retardation of the extremes of the effects in meteorological 
procesaes. It is, however, to be regretted that our Baconian-philosophy- 
toying author, who was Lord Henry Somerset's chaplain, fell into the 
same error as Bernardin de St. Pierre, and regarded the Earth as elon- 
gated at the poles (see p. 148). At the first, he believes that the Earth 
was spherical, but supposes that the uninterrupted and increasing addi- 
tion of layers of ice at both poles has changed its fip[ure { and that, as the 
ice is formed from water, the quantity of that hqoid is every where 
diminishing. • 

* Dominicns Gassini (3fem. de tAcad., t. viii., 1730, p. 188), and 
Mairau {Aurore Bor., p. 16), have even maintained that the phenome- 
non observed in Persia in 1668 was the zodiacal lieht. Delambre 
{Hisi. de VAstron. Modeme, t. ii., p. 742), in very decidea terms, ascribes 
the discovery of this light to the celebrated traveler Chardin ; but in the 
CouronnemeiU de SoHmaniy and in several passages of the narrative of his 
travels (6d. de Langl^s, t. iv., p. 326 ; t x., p. 97), he only apolies the 
term niazouk (nyzek^, or '* petite lance," to ''the great and famous 
comet which appearea over nearly the whole world in 1668, and whose 
head was so hidden in the west that it could not be perceived iu the 
horizon of Ispahan" {Ailae du Voyage de Chardin, Tab. iv. ; from the 
observations at Schiraz). The head or nucleus of the comet was, how- 
ever, visible in the Brazils and in India (Pingr6, Comitogr., X. ii., p. 32). 
Regardhig the conjectured identity of the last ^at comet of Mai-cb, 
1843, with this, which Oassini niistook for the zodiacal light, see Sebum., 
AUr. Naehr., 1843, No. 476 and 480. In Persian, the term "iitzehi 
Ateschin" (fiery spears or lances) is also applied to the rays of the riot- 
ing or setting sun, in the same way as '* naylizik," according to Fi^y- 
tag's Arabic Lexicon, signifies " Stellas cadentes." The comparison of 
comets to lances and swords was, however, in the Middle Ages, very 
common in all languages. The great comet of 1500, which was visible 
firom April to June,, was always termed by the Italian writers oi' that 
time U Signer Aetane (se& my Exainen Critique de i'Hid. de la Oio- 
graphie, t. v., p«-8D). All the hypotheses that have been advanced to 
show that Descartes (Cassini, p. 230 ; Mair^, p. 16), and even Kepler 
(Delambre, t. i., p. 601), were acquainted with the todiacal light, ap- 
pear to me altogether untenable. Descartes {Prindpes, iii., art. 136, 
137) is very obscure in his remai'ks on comets, observing that their 
tails are formed ^* by oblique rays, which, falUng on difierent parts of 
the planetary orbs, strike* the eye laterally by extraordinary refraction," 
and that they might be seen morning ^ud evening, ** like a long beam," 
when'the Sun is between the comet and the Earth. This passage no 
more refers to the zodiacal light than those in which Kepler {Ejnt, A» 
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enonnous tail of a comet, whose head was concealed in the 
vapory mist of the horizon, and which, from its length and 
appearance, presented much similarity- to the great comet of 
1843. We may conjecture, with much probability, that the 
remarkable light on the elevated plains of Mexico, seen for 
forty nights consecutively in 1509, and observed in the eastern 
horizon rising p3nramidally from the earth, was the zodiacal 
light. I found a notice of this phenomenon in an ancient Az- 
tec MS., the Codex TeUeriano-Remensis,^ preserved in the 
Royal Library at Paris. 

This phenomenon, whose primordial antiquity can scarcely 
be doubted, and which was first noticed in Europe by Childrey 
and Dominicus Cassini, is not the luminous solar atmosphere 
itself, since this can not, in accordance with mechanical laws, 
be more compressed than in the relation of 2 to 3, and conse- 
quently can not be diffused beyond ^g^ths of Mercury's helio- 
centric distance. These same laws teach us that the altitude 
of the extreme boundaries of the atniosphete of a cosmical 

iron. Copemieanie, t. i., p. 57, and t. ii., d. 893) spealu of the existence 
of a solar atmosphere (limbos circa soiem, coma lacida), which, in 
eclipses of the San, prevents it ** from being qaite night ;" and even 
more uncertain, or indeed erroneous, is the assamption that the " trabes 
qnas doKovg vocant" (Plin., ii., 26 and 27) had r^terence to the ton^e> 
shaped risiug zodiacal light, as Cassini (p. 231, art. zxxi.) and Mairan 
(p. 15) have maintained. Every where among the ancients the trabes 
are associated with the bolides (ardores et faces) and other fiery mete- 
ors, and evisn with long-barbed comets. (Regarding Soko^j doKiag, 
SoKiTTfCt see Schafer, Sekol. Par. ad ApoU. Rhod., 1813, t. ii., p. 206; 
Pseado-Aristot., de Mundoy 2, 9 ; CommerU, Alex, Joh. Philop. et Olymp. 
in Aristot, Meteor., lib. i., cap. vii., 3, p. 195, Ideler; Seneca, Nat. 
QuiBst.f i., 1.) 

* Hambolat, Monumena des Peuples Indigines de VAtnMquey t. ii.. 
p. 301. The rare manoscript which belonged to the Archbishop of 
Bheims, Le Tellier, contains various kinds of extracts from an Aztec 
ritual, an astrological calendar, and historical annals, extending from 
1197 to 1549, and embracing a notice of different natural phenomena, 
epochs of earthquakes and comets (as, for instance, those of 1490 and 
1529), and of (which are important in relation to Mexican chronology) 
solar eclipses. In Gamargo's manuscript Hutoria de Tlaaeaiay the light 
rising in the east almost to the zenith is, singularly enough, described 
as " sparkling, and as if sown with stars.'' The descnption of this 
phenomenon, which lasted fi[>rty days, can not in any way apply to vol- 
canic eruptions of Popocatepetl, which lies very near, in the southeast- 
ern direction. (Prescott, History of the Conquest of Mexico, jrol. i., p. 
284.) Later commentators have confounded this phenomenon, which 
Montezuma regarded as a warning of his misfortunes, with the ** estrella 
que humeava" (literally, which spring forth ; Nlexican eholoa, to leap or 
spring forthy With respect to tlie connection of this vapor with the 
■tar Citlal Cnoloha (Venus^ and with " the mountain of the star" (Cit> 
tailtepetl, the volcano of Onzaba), see my Monumens, t. ii., p. 303. 
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body above its equator, that ia to say, the point at which 
gravity and centrifugal force are in equilibrium, must be the 
same as the altitude at which a satellite would rotate round 
the central body simultaneously with the diurnal revolution 
pf the latter.* This limitation of ths solar atmosphere in its 
present concentrated condition is especially remarkable when 
we compare the central body of our system with the nucleus 
of other nebulous stars. Herschel has discovered several, in 
which the radius of the nebulous matter surrounding the star 
appeared at an angle of 150". On the assumption that the 
parallax is not fully equal to 1'', we find that the outermost 
nebulous layer of such a star must be 150 times further from 
the central body than our Earth is from the Sun. If, there- 
fore, the nebulous star were to occupy the place of our Sun, 
its atmosphere would not only include the orbit of Uranus, 
but even extend eight times beyond it.t * 

ConsideTing the narrow limitation of the Sun's atmosphere, 
which we have just described, we may with much probabihty 
regard the existence of a very compressed vinnulus of nebulous 
matter,| revolving freely in space between the orbits of Venus 
and Mars, as the material cause of the zodiacal light. As 

* Laplace, Expos, du Syst. du MondCf p. 270 ; M^canique Celeste, 
t. ii., p. 169 and 171 ; Schubert, Astr., bd. iii., $ 206. 

t Aragov in the Annuairef 1842, p. 408. Compare Sir John Her- 
scbers considerations on the volume and faintness of tight of planetary 
nebulee,in Mary Somerville's Connection of the Phyncal Sciences, 1835, 
p. 108. The opinion that the Sun is a nebulous star, whose atmos- 
phere presents me phenomenon of zodiacal light, did not originate with 
Dominicus Cassini, but was first promulgated by Mairan in 1730 ( Traiti 
de VAurore Bor,, p. 47 and 263 ; Arago, in the Annttaire, 1842, p. 
412). It is a renewal of Kepler*ft views. 

X Dominicus Cassini was the first to assume,, as did subsequently 
Laplace, Schubert, and Poisson, the hypothesis of a separate ring to 
explain the form of the zodiacal light. He says distinctly, '* Ifthe 
orbits of Mercury and Venus were visible (throughout their whole ex- 
tent), we should invariably observe them with the same fig[ure and in 
the same position with regard to the Sun, and at the same time of the 
year with the zodiacal light.'* {M6m, de VAcad-t t. viii., 1730, p. 218, 
and Biot, in the Comptes Rendus, 1836, t. iii., p. 666.) Cassini be- 
tie ved that the nebulous ring of zodiacal light consisted of innumerable 
small planetar)^ bodies revolving round the Sun. He even went so 
far as to believe that the fall of fire-balls might be connected with the 
passage of the Earth through the zodiacal nebulous ring« Olmsted, 
and esi>ecially Biot (op. cit., p. 673), have attempted to establish its 
connection with the November phenomenon — a connection which 01 
bers doubts. (Schnm., Jahrb.t 1837, s. 281.) Regarding the question 
whether the place of the zodiacal light penectly coincides with that 
of the Sun's equator, see Houzeau^in Sebum., Astr. Naehr.t 1843. No 
492, 8. 190. 



Digitized 



by Google 



, 142 . . COBMOS, 

yet we certainly know nothing definite regtadrng iia actual 
material dimensions ; its augmentation* by emanations from 
the tails of myriads of comets that come within the Sim*B 
vicinity ; the singular changes afiecting its expansion, since it 
sometimes does not appear to extend beyond our Earth's orbit ; 
or, lastly, regarding its conjectural intimate connection with 
the more condensed cosmical vapor in the vicinity of the Sun. 
The nebulous particles compoiBing this ring, and revolving 
round the Sun in accordance with planetary laws, may either 
be" self-luminous or receive light from that luminary. Even 
in the case of a terrestrial mist (and this fact is very remark* 
able), which occurred at the time of the new:moon at mid* 
night in 1743, the phosphorescence was so intense that ob- 
jects could be distinctly recognized at a distance of more than 
600 feet. 

I have occasionally been astonished, in the tropical climates 
of South America, to observe the variable intensity of the 
zodiacal light. As I passed the nights, during many months, 
in the open air, on the shores of rivers and on llanos, I enjoy- 
ed ample opportunities of carefully examining this phenome- 
non. When the zodiacal light had been most intense, I have 
observed that it would be perceptibly weakened for a few 
minutes, until it again suddenly shone forth in fiill brilliancy. 
In some few. instances I have thought that I could perceive— 
not exactly a reddish coloration, nor the lower portion darkened 
in an arc-like form', nor even a scintillation, as Mairan affirms 
he has observed-^but a kind of flickering and wavering of 
the light.f Must we suppose that changes are actually in 
progress in the nebulous ring 1 or is it not more probable that, 
although I could not, by my meteorological instruments, de- 
tect any change of heat or moisture near the ground, and 
small stars of the fifth and sixth magnitudes appeared to shine 
with equally undiminished intensity of light, processes of oon- 
Eensation may be going on in the uppermost strata of the air, 
by means of which the transparency, or, rather, the reflection 
of light, may be modified in some peculiar and unknown man- 

* Sir John Herschel, Astron.t $ 487. * 

t Arago, in the Annuairtf 1832, p. 246. Several physical facts ap 
pear to indicate that^ in a mechanical separation of matter into its smaU- 
est particles, if the mass be very small in relation to the sur^ce, the 
electrical tension may increase safficiendy for the production of light 
and heat. Experiments with a large concave mirror have not hitherto 
eiven any positive evidence of the presence of radiant heat in the zo- 
diacal light. (Lettre de M. Matthiessen 4 M. Arago, in the Oompiea 
Rendut, t. xvi., 1843, Avril, p. 687.) 
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ner ? Aa asgmxipticHi of the existence of such meteorological 
caufles on the coofineB of our atmoophere is sirepgthened by 
the " sudden flash and pulsation of light/' which, according 
to the aeute observations of Olbers, vibrated for several sec- 
onds through the tail of a comet, which appeared during the 
continuance of the pulsations of light to be lengthened by sev- 
eral, degrees, and then again contracted.* As, however, the 
separate particles of a comet's tail, measuring millions of miles, 

* ** What you tell rae of the changes of light in the zodiacal light, 
and of the causes to which you ascribe such changes within the trop- 
ics, is of the greater interest to me, since I have been for a long time 
past paitiGalarly attentive, every spring, to this phenomenon m our 
northern latitudes. I, too, have always believed that the zodiacal light 
rotated ; but I assumed (contrary to Foisson's opinion, which you have 
communicated to me) that it completely extended to the Sun, with 
considerably augpaenling brightness. The light circle which, in total 
solar eclipses, is se^i fiurrounding the darkened Sun, I have regarded 
as the brightest portion of the zodiacal light I have convino^ my 
self that this light is veiy diferent in different years, often for several 
successive years being very bright and diffused, while in other years 
it is scarcely perceptible. I thmk that I find the first trace of an allu- 
sion to the zodiacal lig^t in a letter from Bothmann to Tycbo,in which 
he mentions that in sprins he has observed the twilight did not close 
until the sub was 24^ below the horizon. Rothmaun must certainly 
have confounded the disappearance of the setting zodiacal li^ht in the 
vapors of the western horizon with the actual cessation of twilight. 1 
have failed to observe. the pidsations of the light, probably on account ' 
of the faintness with which it appears in these countries. You are, 
however, certainly right in ascribing those rapid variations in the light 
of the heavenly bodies, which you have perceived in tropical climates, 
to oor own atmosphere, and especially to its higher regions. This is 
most strikingly seen in the tails of large comets. We often observe, 
especially in the clearest weather, that these tails exhibit pulsations^ 
commencing from the head, as being the lowest part, and vuiratin^ in 
one or two seconds through the entire tail, which thus appears rapidly 
to become some degrees wnger, but again as rapidly contracts. That 
these undulations, which were formerly noticed with attention by 
Robert Hooke, and in more recent times by Schr5ter and Chladni, do 
not actvaUy occur in the tads of the comett, out are 'produced by our at-^ 
mosphere, is obvious when we recollect that the individual parts of 
those tails (which are many millions of miles in length) lie at very dif- 
fireni di$tance$ from ns, and that the li^ht from their extreme points 
can only reach us at intervals of time which differ seyeral minutes from 
one another. Whether what you saw on the Orinoco, not at intervals 
of seconds, but of minutes, were actual coruscations of the zodiacal 
' light, or whether they belonged exclusively to the i^pper strata of our 
atmosphere, I will not attempt to decide; neither can I explain the 
remarkable H^htneu of tohole nightt, nor the anomalous au|nnentation 
and prolonoation of the twilight in the year 1831, particularly if, as has 
been remarked, the lighteM part of these singular twilights did not coin- 
cide with the Sun's place below the horixon.** (From a letter written 
by Dr. Olbers to myself, and dated Bremen, March 26th, 1833.) 
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are very unequally distant from the earth, it is not possihle, 
according to the laws of fhe velocity and transmission of light, 
that we should be able, in so short a period of time, to per- 
ceive any actual changes in a cosmical body of such vast ex- 
tent. These considerations in no way exclude the reality of 
the changes that have been observed in the emanations from 
the more condensed envelopes around the nucleus of a comet, 
nor that of the sudden irradiation of the zodiacal light from 
internal molecular motion, nor of the increased or^minished 
reflection of light in the cosmical vapor of the luminous ring, 
but should simply be the means of drawing our attention to 
the diflerences existing between that which appertains to the 
air of heaven (the readms of universal space) and that which 
belongs to the strata of our terrestrial atmosphere. It is not 
possible, as well-attested facts prove, perfectly to explain the 
operations at work in the much-contested upper boundaries of 
our atmosphere:' The extraordinary lightness of whole nights 
in the year 1831, during which small print might be read at 
midnight in the latitudes of Italy and the north of Germany, 
is a fact directly at variance with all that we know, accord- 
ing to the most recent and acute researches on the crepuscular 
theory, and of the height of the atmosphere.* The phenom- 
ena of light depend upon conditions still less understood, and 
' their variability at twilight, as well as in the zodiacal light, 
excite our astonishment. 

We have hitherto considered that which belongs to our solar 
system — that world of material forms governed by the Sun — 
which includes the primary and secondary planets, comets of 
short and long periods of revolution, meteoric asteroids, which 
move thronged together in streams, either sporadically or in 
closed rings, and finally a luminous nebulous ring, that re- 
volves round the Sun in the vicinity of the Earth, and for 
which, owing to its position, we may retain the name of zo- 
diacal light. Every where the law of periodicity governs the 
motions of these bodies, however diflerent may be the amount 
of tangential velocity, or the quantity of their agglomerated 
material parts ; the meteoric asteroids which enter our atmos- 
phere from the external regions of universal space are alone . 
arrested in the aourse of their planetary revolution, and re- 
tained within the sphere of a larger planet. In the solar sys- 
tem, whose boundaries determine the attractive force of the 
central body, comets are made to revolve in their elliptical 
* Biot, TraUi WAttrtm, Physique, 3toe 6d., 1841, t. i., p. 171, 238. 

BDd812. 



Digitized 



by Google 



TRANSLATORY MOTION OF THE SOLAR SYSTEM. 145 

orbits at a distance 44 times greater than that of Uranus ; 
nay, in those comets whose nucleus appears to us, from its 
inconsiderable mass, like a mere passing cosmical cloud, the 
Sun exercises its attractive force on the outermost parts of the 
emanations radiating from the tail oyer a space of many mill- 
ions of miles. Central forces, therefore, at once constitute and 
maintain the system. 

Our Sun may be considered as at rest when compared to ail 
the large and small, dense and almost vaporous cosmical bodies 
that appertain to and revolve around it ; but it actually ro- 
tates round the common center of gravity of the whole sys- 
tem, which occasionally falls within itself, that is to say, re- 
mains within the material circumference of the Sun, what- 
ever changes may be assumed by the positions of the planets. 
A very diSc^ent phenomenon is that presented by the trans- 
latory motion of the Sun, that is, the progressive motion of 
the center of gravity of the whole solar system in universal 
space. Its velocity is such* that, according to Bessel, the 
relative motion of the Sun, and that of 61 Cygni, is not less 
m one day than 3,336,000 geographical miles. This change 
of the entire solar system would remain imknoym to us, if the 
admirable exactness of our astronomical instruments of meas- 
urement, and the advancement recently made in the art of 
observing, did not cause our advance toward remote stars to 
be perceptible," hke an approximation to the objects of a dis- 
tant shore in apparent motion. The proper motion of the star 
61 Cygni J for instance, is so considerable, that it has amount- 
ed to a wnole degree in the course of 700 years. 

The amount or quantity of these alterations in the fixed 
stars (that is to say, the changes in the relative position of 
self-luminous stars toward each other), can be determined 
with a greater degree of certainty than we are able to attach 
to the genetic explanation of the phenomenon. After taking 
into consideration what is due to the precession of the equi- 
noxes, and the nutation of the earth's axis produced by the 
action of the Sun and Moon on the spheroidal figure of our 
globe, and what may be ascribed to the transmission of light, 
that is to say, to its aberration, and to the parallax formed by 
the diametrically opposite position of the Earth in itfi coarse 
round the Sun, we still find that there is a residual portion 

♦ Bessel, in Schum., Jahrb.f&r 1839, s.51 ; probably four million* 
of miles daily, in a relative velocity of at the least 3,336,000 miles, or 
more than doable the velocity of revolution of the Earth in her orbit 
round the Sun. 
Vol. I.— G 



Digitized 



by Google 



1 46 COSMOS. 

of the annual motion of the fixed stars due to the translation 
of the whole solar system in universal space, and to the true 
proper motion of the stars. The difficult problem of numer- 
ically separating these two elements, the true and the appar* 
ent motion, has been efiected by the careful study of the di- 
rection of the motion of certain individual stars, and by the 
consideration of the fact that, if all the stars were in a state 
of absolute rest, they would appear perspectively to recede 
from the point in space toward which the Sun was directing 
its course. But the ultimate result of this investigation, con- 
firmed by the calculus of probabilities, is, that our solar sys- 
tem and the stars both change their places in space. Accord- 
ing to the admirable researches of Argelander at Abo, who 
has extended and more perfectly developed the work begun by 
William Herschel and Prevost, the Sun moves in the direc- 
tion of the constellation Hercules, and probably, from the 
combination of the observations made of 537 stars, toward a 
point lying (at the equinox of 1792-5) at 257° 49'-7 R.A., and 
28° 49'-7 N.D. It is extremely difficult, in investigations of 
this nature, to separate the absolute from the relative motion, 
and to determine what is alone owing to the solar system.* 

If we consider the proper, and not the perspective motions 
of the stars, we shall find many that appear to be distributed 
in groups, having an opposite direction ; and facts hitherto 
observed do not, at any rate, render it a necessary assumption 
that all parts of our starry stratum, or the whole of the stellar 
islands filling spade, should move round one large unknown 
luminous or non-luminous central body. The tendency of the 
human mind to investigate ultimate and highest causes cer- 
tainly inclines the intellectual activity, no less than the imag- 
ination of mankind, to adopt such an hypothesis. Even the 
Stagirite proclaimed that " every thing which is moved must 
be referable to a motor, and that there would be no end to 

* Regarding the motion of the solar system, according to Bi-adle^r, 
Tobias Mayer, Lambert, Lalande, and William Herschel, see Arago,in 
the AnnuairCf 184^, p. 388r399; Ar^lander,in Schum., Astrtm. Naehr., 
No. 363, 364, 398, and in the treatise Von der eigenen Btwtgnng det 
SonntnayUemt (On the proper Motion of the Solar System^ 1837, s. 43, 
•respecting Feraeus as toe central body of the whole stellar stratum, 
likewise Otho Struve, in the Bull, de VAead. de St. Pitersb., 1842, t. x., 
No. 9, p. 137-139. The last-named astronomer has found, by a more 
recent combination, 261<> 23' R.A. + 87® 36' Decl. for the direction of 
the Sun's motion ; and, taking the mean of his own results with that of 
Argelander, we have, by a combination of 797 stars, the formula 259' 
9'R.A.-|-34<>36'Decl. 
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die concatenation of causes if there were not one pximordxa) 
immoTable motor."* 

The manifold translatory changes of the stars, not those 
produced by the parallaxes at which they are seen from the 
changing position of the spectator, but the true changes con- 
stantly going oa in the regions of space, afibrd us inoontro- 
▼ertibk evidence of the damimon of the laws of attraction in 
the remotest regions of space, beyond the limits of our solar 
system. The existence of these latws is revealed to us by 
many phenomena, as, for instance, l^ the motion of double 
stars, and by the amount of retarded or accelerated motion in 
difierent parts of their elliptic orbits. Human inquiry need 
BO longer pursue this subject in the domain of vague conjec- 
ture, or amid, the undefined analogies of the ideal world ; for 
even here the progress made in the method of astronomical 
observations and calculations has enabled^ astronomy to take 
up its position on a firm basis. It is not only the discovery ' 
of the astounding nmnbers of double and multiple stars re* 
^ volving round a center, of gravity lying loitkout their system 
(2800 such systems having been discovered up to 1837), but 
rather the extension of our knowledge regarding the funda- 
mental forces of the whole material world, and the proofs we 
have obtained of the xmiversal empire of the laws of attrac- 
tion, that must be ranked among the mosN; brilliant discoveries 
of the age. The periods of revolution of cobred stars present 
the greatest diHerenees ; thus, in some instances, the period 
extends to 43 years, as in ^ of Corona, and in others to sev- 
eral thousands, as in 66 of Cetus, 38 of Gemini, and 100 of 
Pisces. Since Herschel's measurements ix^ 1 782, the satellite 
of the nearest star in the triple system of ^ of Cancer has com* 
pleted more than one entire revolution. By a skillful oom^^ 
bination of the altered distances and angles of po8ition,t the 
elements of these orbits may be found, conclusions drawn ^e- 

farding the absolute distance of the doubte stars from the 
larth, and comparisons made between their mass and that 
of the Sun, Whether, however^ here and in our solar sys- 
tem, quantity of matter is the only standard of the amount 
of attractive force, or whether specific forces of attraction pro- 
portionate to the mass n^ay not at the same time come into 
operation, as Bessel was the first to ccN^cture, are questions 

* Anstot., de Cmlo, iii.^ 2, p. 301, Bekker ; Phyg., Tiii., 5, p. 256. 

t SavBry, in the Connaitmnee des Terns, 1830, p. ^6 and 163. Encke, 
Berl. Jahrb,, 1832, s. 253, &b. Anigo, in the MwHuaire, 1834, p. 260, 
295. John Herschel, in the Abmoirs o/tke AMrwwm, JSoc, voL v.» p. 17 1 
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whose practical solution must be left to future agesi* When 
we cpinpare our Sun with the other fixed stars, that is, with oth 
er self-luminous Suns in the lenticular starry stratum of which 
our system forms a part, we find, at least in the case of some, 
that channels are opened to us, which may lead, at all events, 
to an approximate and limited knowledge of their relative 
distances, volumes, and masses, and of the velocities of their 
translatory motion. If we assume the distance of Uranus 
from the Sun to be nineteen times that of the Earth, that is 
to say, nineteen times as great as that of the Sun from the 
Earth, the central body of our planetary system w^ill be 11, 900 
times the distance of Uranus fronuthe star a in the constella- 
tion Centaur, almost 31,300 from 61 Cygni, and 41,600 from 
Vega in the constellation Lyra. The comparison of the vol- 
ume of the Sun with that of the fixed stars of the first mag- 
nitude is dependent upon the apparent diameter of the latter 
bodies — ^an extremely uncertain optical element. If even we 
assume, with Herschel, that the apparent diameter of Arctu* 
rus is only a tenth part of a second,. it still follows that the 
true diameter of this star is eleven times greater than that of 
the Sun.f The distance of the star 61 Cygni, made known 
by Bessel, has led approximately to a knowledge of the quan* 
tity of matter contained in this body as a double star. Not- 
withstanding that, since Bradley's observations, the portion 
of the apparent orbit traversed by this star is not sufi[iciently 
great to Admit of our arriving with perfect exactness at the 
true orbit and the major axis of this star, it has been conjec- 
tured with much, probability by the great Konigsberg astron- 
omer,^ " that the mass of this double star can not be very con- 
siderably larger or smaller than half of the mass of the Sun.'' 
This result is fi:om actual measurement. The analogies de- 
duced from the relatively larger mass of those planets in our 
solar system that are attended by satellites, and from the fact 
that Struve has discovered six times more double stars among 

* Bessel, Untenuckung. des Tkeils der planetarisehen Storungenj 
wdchextua der Bewegumg der Sonne etUtUhen (An Investigatioo of the 
pordon of the Planetary Distorbances depending on the Motion of the 
Son) in Abh, der Berl, Akad, der WiatenteK 1824 (Mathem. Classe), 
s. 2--6. The question has been raised by John Tobias Mayer, in Com- 
ment, 8oe, Reg. GdtHng., 1804-1808, vol. xvi.; p. 31-68. 

t Philo*. Tram, for 1803, p. 225. Arago, in the Annvaire, 1842, p. 
3^5. In order to obtain a clearer idea of the distances ascribed in a 
rather earlier part of the text to the fixed stars, let us assume that the 
Earth is a distance of one foot from the Sun; Uranus is then 19 feet, 
and Vega LyriB is 158 geographical miles from it. 

t Bessel, in Schum., Joirfr., 1839, s. 53* 
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tKe brighter than among the telescopic fixed stars, have led 
other astronomers to conjecture that the average mass of the 
larger number of the binary stars exceeds the mass of the 
Sun.* We are, however, far from having arrived at general 
results regarding this subject. Our Sun, according to Arge- 
lander, belongs, with reference to proper motion in space, to 
the class of rapidly-moving fixed stars. 

The aspect of the starry heavens, the relative position of 
stars and nebulae, the distribution of their luminous masses, 
the picturesque beauty, if I may so express myself, of the 
whole firmament, depend in the course of ages conjointly upon 
the proper motion of the stars and nebulsd, the translation of 
our solar system in space, the appearance of new stars, and 
the disappearance or sudden diminution in the intensity of the 
light of others, and, lastly and specially, on the changes which 
the Earth's axis experiences from the attraction of the Sun 
and Moon. The beautiful stars in the constellation of the 
Centaur and the Southern Cross will at some future time be 
visible in our northern latitudes, while other stars, as Sirius 
and the stars in the Belt of Orion, will in their turn disappear 
below the horizon. The places of the North Pole will suc- 
cessively be indicated by the stars /3 and a Cephei, and 6 Cygni, 
until after a period of 12,000 years, Vega in Lyra will shine 
forth as the brightest of all possible pole stars. These data 
give us some idea of the extent of the motions which, divided 
into infinitely small portions of time, proceed without inter- 
mission in the great chronometer of the universe. If for a 
moment we could yield to the power of fancy, and imagine 
the acuteness of our visual organs to be made equal with the 
extreniest bounds of telescopic vision, and bring together that 
which is now divided by long periods of time, the apparent 
rest that reigns in space would suddenly disappear. We 
should see the countless host of fixed stars moving in thronged, 
groups in different directions ; nebulsB wandering through 
space, and becoming condensed and dissolved like cosmical 
clouds ; the vail of the Milky Wa;^ separated and broken up 
in many parts, and motion ruling supreme in every portion of 
the vault of heaven, even as on the Earth's surface, where we 
see it unfolded in the germ, the leaf, and the blossom, the or 
ganisms of the vegetable world. The celebrated Spanish bot 
anist Cavanilles was the first who entertained the idea of 
'* seeing grass grow," and he directed the horizontal microme- 
ter threads of a powerfully magnifying glass at one time to 
• Madler, A8tron.f b. 476; idw in Schum,, Jahrb.y 1839, 8. 95, 
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the apex of the shoot of a bambusa, and at another on thu 
rapidly-growing stem of an American aloe {Agave Americana), 
precisely as the astronomer places his cross of net-work against 
a ctdminating star. In the collective Ufe of physical nature, 
in the organic as in^ the sidereal world, all things that have 
been, that are, and will be, are ahke dependent on motion. 

The breaking up of the Milky Way, of which I have just 
spoken, requires special notice. Wilfiara Herschel, our safe 
and admirable guide to this portion of the regions of space, 
has discovered by his star-guagings that the telescopic breadth 
of the Miiky Way extends from six to seven degrees beyond 
what is indicated by our astronomical maps and by the extent 
of the sidereal radiance visible to the naked eye.* The two 
brilliant nodes in which the branches of the zone unite, in the 
region of Cepheus and Cassiopeia, and in the vicinity of Scor- 
pio and Sagittarius, appear to exercise a powerful attraction 
on the contiguous stars ; in the most brilliant part, however, 
between fi and y Cygni, one half of the 330,000 stars that 
have been discovered in a breadth of 5P are directed toward 
one side, and the remainder to the other. It is in this part 
that Herschel supposes the layer to be broken up.t The num- 
ber of telescopic stars in the Milky Way uninterrupted^by any 
nebulsB is estimated at 18 millions. In order, I will not say, 
to realize the greatness of this number, but, at any rate, to 
compare it with something analogous^ I will call attention to 
the fact that there are not in the whole heavens more than 
about 8000 stars, between the first and the sixth magnitudes, 
visible to the naked eye. The barren astonishment excited 
by numbers and dimensions in space, when not considered 
with reference to applications engaging the mental and per- 
ceptive powers of man, is awakened in both extremes of the 
universe, in the celestial bodies as in the minutest animal- 
cules.t A cubic inch of the polishing slate of Bilin contains, 
according to Ehrenberg, 40,000 millions of the silicious shells 
of GalionellaB. 

The stellar Milky Way, in the region of which, according to 
Argelander's admirable observations, the brightest stars of the 
firmament appear to be congregated, is almost at right angles 

* Sir William Herschel, in the PhUag, Trantaci. for 1817, Part ii. 
p. 328. t Arago, ia the Armuaire, 1842, p. 459. 

X Sir John Herschel, in a letter from Feldhaysen, dated Jan. 13th, 
1836. Nicholl, ArchUecture of the Heavens, 1838, p. 22. (See, also^ 
some separate notices by Sir William Herschel on the staiiess egnoe 
which sepdrates us by a great distance from the Milky Way, in the 
Philot. Transact, for 1817, Part ii., p. 328.) 
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with another Milky Way, composed of nebulas. The former 
constitutes, according to Sir J ohn Herschers views, an annu- 
lus, that is to say, an independent zone, somewhat remote from 
our lenticular-shaped starry stratimi, and similar to Saturn's 
ring. Our planetary system lies in an eccentric direction, 
nearer to the region of the Cross than to the diametrically op- 
posite point, Cassiopei^..* An imperfectly seen nebulous spot, 
discovered by Messier in 1774, appeared to present a remark- 
able similarity to the form of our starry stratum and the divided 
' ring of our Milky Way.t The Milky Way composed of neb- 
ulsB does not belong to our starry stratum, but surrounds it at 
a great distance without being physically connected with it, 
passing almost in the form of a large cross through the dense 
nebulsB of Virgo, especially in the northern wing, through 
ComoB Berenices, Ursa Major, Andromeda!s girdle, and Pisces 
Boreales. It probably intersects the stellar Milky Way in 
Cassiopeia, and connects its dreary poles (rendered starless from 
the attractive forces by which steUar bodies are made to ag- 
glomerate into groups) i^ the least dense portion of the starry 
stratum. 

We see from these considerations that our starry cluster, 
which bears traces, in its projecting branches of having been 
subject in the course of time to various metamorphoses, and 
evinces a tendency to dissolve and separate, owing to second- 
ary centers of attraction — ^is surrounded by two rings, one of 
which, the nebulous zone, is very remotov while the other is 
nearer, and composed of stars alone. The latter, which we 
generally term the Milky Way, is composed of nebulous stars, 
averaging from the tenth to the eleventh degree of magni- 
tude,! but appearing, when considered individually, of very 
diHerent magnitudes, while isolated starry clusters (starry 
swarms) almost always exhibit throughout a character of 
great uniformity in magrutude and brilliancy. 

In whatever part the vault of heaven has been pierced by 
powerful and £ur-penetrating telescopic instruments, stars or 
luminous nebulaa are every where discoverable, the former, in 

* Sir John Herschel, AstroTwm*., $ 624 ; likewise in his Observation* 
>» Nebulatand Cluster* of Stars (Phil. Transact, j. 1833, Part ii.,p. 479, 
fig. 25) : " We have here a brother system, bearing a real physical re 
semblance and strong analogy of strueture to oar own.'' 

t Sir William Herschel, in the Phil. Trans, for 1785, Parti., p. 257. 
Sir John Herschel, AMtron,j $ 616. {** The nthulom region of the heav- 
ens forms a nebulous Milky Wayy. composed of distinct nebalie, as the 
other of starsi^' The same observation was made in a letter he addressed 
to me in March, 1829.) X Sir John Herschel, Aatron., ^ 585. 
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Bome cases, not exceeding the twentieth or twenty-fourth de 
gree of telescopic magnitude. A portion of the nebulous vapoi 
would probably be found resolvable into stars by more power 
ful optical instruments. As the retina retains a less vivid im- 
pression of separate than of infinitely near luminous points, 
less strongly marked photometric relations are excited in the 
latter case, as Arago has recently showh.* The definite oi 
amorphous cosmical vapor so universally diffused, and which 
generates heat through condensaticm, probably modifies the 
transparency of the imiversal atmosphere, and diminishes that 
uniform intensity of light which, according to Halley and Gi- 
bers, should arise, if every point throughout the depths' of space 
were filled by an infinite series of stars.f The assumption of 
such a distribution in space is, however, at variance with ob- 
servaticHi, which shows us large starless regions of space, open- 
ings in the heavens, as WiUiam Herschel terms them-— one, 
four degrees in width, in Scorpio, and another in Serpentari- 
us. In the vicinity of both, near their margin, we find un- 
resolvable nebulsB, of whidi that on the western edge of the 
opening in Scorpio is one of the most richly thronged of the 
clusters of smsdl stars by which the firmament is adorned. 
Herschel ascribes these openings or starless regions to the at- 
tractive and agglomerative forces of the marginal groups. ^ 
" They are parts of our starry stratum," says he, with his 
usual grac^ul animation of style, *' that have experienced 
great devastation from time." If we picture to ourselves the 
telescopic stars iying behind one anolJier as a starry canopy 
spread over the vault of heaven, these starless regions in Scor- 
pio and Serpentarius may, I think, be regarded as tubes 
through which we may look into the remotest depths of space. . 
Other stars may certainly lie in those parts where the strata 
forming the canopy are interrupted, iHit these are unattainable 
by our instruments. The aspect of fiery meteors had led the 
ancients likewise to the idea of clefts or openings {chasmata) 
in the vault of heaven. These openings were, however, only 
regarded as transient, while the reason of their being luminous 
and fiery, instead of obscure, was supposed to be owing to the 

* Arago, in the Annumre, 1842, p. 282*285, 409-411, and 439-442. 

t Olbers, on the transparency of celestial space, in Bode.*s Jdhrh, 
1826, 8. 110-121. 

X " An opening in the heavens," William HerBchel,in the PhU, Trant. 
for 1785, vol. IxxY., Fart i., p. 256. Le Fran^ais Lalande, in the Con- 
fliatM. da Terns powr VAn. VIII., p. 383. Arago, in the AnMuain^ 
1842, p. 425. 
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transluceat illuminated ether which lay beyond them.* Der- 
ham, and even Huygens, did not appear disinclined to explain 
in a similar manner the mild radiance of the nebulsB.f 

When -we compare the stars of the fbrst magnitude, which, 
on an average^ are certainly the nearest to us, with the non- 
nebulous telescopic stars, and further, when we compare the 
nebulous stars with unresolvable nebulsB, fox instance, with 
the nebula in Andromeda, or even with the so-called planetary 
nebulous vapor, a fact is made manifest to us by the consider- 
ation of the varying distances and the boundlessness of space, 
which shows the world of phenomena, and that which con- 
stitutes its causal reality, to be dependent upon the propaga- 
tion of lights The velocity of this propagation is, according 

' to Struve's most recent investigations, 166,072 geographical 
miles in a second, consequently almost a million of times 
greater than the velocity of sound. According to the meas- 
urements jo£ Maclear, Bessel, and Struve, of the parallaxes 
and distance of three fixed stars of very unequal magnitudes 
(a Centauri, 16 Cygni, and a Lyrse), a ray of light requires 
respectively 3, 9^, and 12 y^ars to reach us from these three 
bodies. In the short but memorable period between 1572 
and 160,4> frcyn the time of Cornelius Gemma and Tycho 
Brahe to that of Kepler, three new stars suddenly appeared 

' in Cassiopeia and Cygnus, and in the foot of Serpentarius. 
A similar phenomenon exhibited itself at intervals in 1670, in 
the constellation Yulpis. In recent times, even since 1837, 
Sir John Herschel has observed, at the Cape of Good Hope, 
the brilliant star tj in Argo increase in splendor from the 
second to the first magnitude. | These events in the universe 
belong,. however, with reference to their historical reality, to 
other periods of time than those in which the phenomena of 
light are first revealed to the inhabitants of the Earth : they 
reach us like the voices of the past. It has been truly said, 
that with our large and powerful telescopic instruments we 
penetrate alike through the boundaries of time and space : we 
measure the former through the latter, for in the course of an 

* Aristot., Meteor.t ii., 5, 1. Seneca, Natur. Qutest., i., 14, 2. ** C<b- 
tam diacessiase," in Cic, de Divin., i., 43. 

t Arago, in the Annuaire, 1842, p. 429. 

i In December, 1837, Sir John Herschel saw the star ff Arso, which 
tiU that time appeared as of the second magnitude, and liable to no 
change, rapidly increase till it became of the first magnitude. In Jan- 
nary, 1838, the intensity of its light was equal to that pf a Centauri. 
According to our latest information, Maclear, in March, 1843, found it- 
as bright as Oanopus; and even a Cmcis looked faint by 9 Argo. 
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hour a ray of light traverses over a space of 692 millions ol 
miles. While, according to the theogony of Hesiod, the di- 
mensions of the universe were supposed to be expressed by the 
time occupied by bodies in filing to the ground ('* the brazen 
anvil was not more than nine days tod nine nights in: falling 
from heaven to earth"), the elder Herschel was of opinion* 
that light required almost two millions of years to pass to the 
Earth from the remotest luminous vapor reached by his forty- 
foot reflector. * Much, therefore, has vanished long before it 
is rendered visible to us — much that we see was onco differ- 
ently arranged from what it ttowa.ppears. The aspect of the 
starry heavens presents us with the spectacle of that* which 
is only apparently simultaneous, and however much we may 
endeavor, by the aid of optical instruments, to bring the mild- 
ly-radiant vapor of nebulous masses or the faintly-glimmering 
starry clusters nearer, and diminish the thousands of years 
interposed between us and them, that servo^'s a criterion of 
their distance, it still remains more Ihan probable, from the 
imowledge we possess of the velocity of the transmission of 
luminous rays, that the light of remote heavenly bodies pre- 
sents us with the most ancient perceptible evidence of the ex- 
istence of matter. It is thus that the reflective mind of man 
IS led from simple premises to rise to those exalted heights of 
nature, where, m the light^illuntined reabns of spaee, ** myriads 
of worlds are bursting into Ufe like the grass of the night. "t 
From the regions of celestial forms, the domain of Uranus, 
we will now descend to the more contracted sphere of terres- 
trial forces — to the interior of the Earth itself A mysterious 
chain links together both classes of phenomena. According 
to the ancient signification of the Titanic myth,$ the powers 
of organic life, that is to say, the great order of nature, depend 
upon the combined action of heaven and earth. If we sup- 
pose that the Earth, like aU the other planets, primordially 
belonged, according to its origin, to the central body, the Sun, 
and to the solar atmosphere that has been separated into neb- 

* " Hence it follows that the rays of light of the remotest uebulae 
mast have been almost two millions of years on their way, and that 
conse(}uently, so many years ago, this omect must already have had 
an existence in the sidereal heaven, in order to send out tfeiose rays by 
which we now perceive it.'* William Herschel, in the Phil. Trans, 
fop 1803, p. 498. John Herschel, Agtron,^ $ 590. Arago, in the Aih 
nnaire, 1843. p. 334, 359, and 382-385. . 

t From my brother's beaatifnl sonnet ^'FreiheitnndOesets." (W^ 
helm^von Humboldt, OesammeUe Werhe, bd. iv., «. 358, No« S5.) 

X Otfried Mailer, Prolegomena, s. 373. 
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olous ringB, the saiBe oonnectioa with thiis contiguous Sun, aa 
well as with all the remote suns that shine in the finnameut, 
i^ still revealed through the phenomena of light and radiating 
heat. The difierence in the degree of these actions must not 
lead the physicist, in his delineation of nature, to forget the 
couneetion and the common empire of similau: forces in the 
universe. A small fraction of telluric heat is derived from 
the regions of universal space in which our planetary system 
is moving, whose temperatiMre (which, according to Fourier, 

"" is almost equal to our mean icy- polar heat) is the result of the 
combined radiation of all the stars. The causes that more pow- 
erfully excite the light of the Bun in the atmosphere and in the 
upper strata of our air, that give rise to heat-engendering elec- 
tric and magnetic currents, and awaken and genially vivify 
the vital ^ark in organic structures on the earth's surface, 
must be reserved for the tubject of our future consideration. 

As we purpose for the present to confine ourselves exclusive- 
ly within the telluric sphere of nature, it -will be expedient to 
cast a preliminary glance over the relations, in space of solids 
and fluids, the form of the Earth, its mean denuty, and the 
partial distribution of this density in the interior of our planet, 
its temperature and its electro-magnetic tension. From the 
consideration of these relations in space, and of the forces in- 
herent in matter, we shall pass to the reaction of the interior 
on. the exterior of our globe ; and to the special consideration 
of a universally distributed natural power — subterranean heat ; 
to the phenomena of earthquakes, exhibited in unequally ex- 
panded circles of commption, which are not referable to the 
action of dynamic laws alone ; to the springing forth of hot 
wells ; and, lastly, to the more powerful, actions of volcanic 

' processes. The crust of the Earth, which may scarcely have 
been perceptibly elevated by the sudden and repeated, or al- 
most uninterrupted shocks by which it has been moved from 
below, undergoes, nevertheless, great changes in the course of 
centuries in the relations of the elevation of solid portions, 
when compared with the surface of the liquid parts, and even 
in the form of the bottom of the sea. In this manner si- 
multaneous temporary or permanent fissures are opened, by 
which the interior of the Earth is brought in contact with 
the external atmosphere. Molten masses, rising fron) an un- 
known depth, flow in narrow streams along the declivity of 
mountains, rushing impetuously onward, or moving slowly 
and gently, until the fiery source is quenched in the midst of 
exhalations, and the lava becomes incrusted, as it \yere, by 
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the solidification of its outer surface. New masses of rocks 
are thus formed before our eyes, while the older ones are in 
their turn converted into other forms by the greater or lesser 
ageney of Plutonic forces. Even where no disruption takes 
place the crystalline molecules are displaced, combining to 
form bodies of denser texture. The water presents structures 
of a totally difierent nature, as, for instance, concretions of 
animal and vegetable remains, of earthy, calcareous, or alumin- 
ous precipitates, agglomerations of finely-pulverized mineral 
bodies, covered with layers of the silicious shields of infusoria, 
and with transported soils containing the bones of fossil ani- 
mal forms of a more ancient world. The study of the strata 
which are so differently formed and arranged before our eyes, 
and of all that has been so variously dislocated, contorted, and 
upheaved, by mutual compression and volcanic force, leads 
the reflective observer, by simple analogies, to draw a com- 
parison between the present and an age that has long passed. 
It is by a combination of actual phenomena, by an ideal en- 
largement of relations in space, and of the amount of active 
forces, that we are able to advance into the long sought and 
indefinitely anticipated domain of geognosy, wfich has only 
within the last half century been based on the solid founda- 
tion of scientific deduction. 

It has been acutely remarked, *' that, notwithstanding our 
continual employment of large telescopes, we are less ao- ' 
quainted with the exterior than with the interior of other 
planets, excepting, perhaps, our own satellite." They have 
been weighed, and their volume measured ; and their mass 
and density are becoming known with constantly-increasing 
exactness ; thanks to the progress made in astronomical ob- 
servation and calculation. Their physicaL character is, how- 
eve]?, hidden in obscurity, for it is only in our own globe that 
we can be brought in immediate contact with aU the ele- 
ments of organic and inorganic creation. The diversity of 
the most heterogeneous substances, their admixtures and met- 
amorphoses, and the ever-changing play of the forces called 
into action, afibrd to the human mind both nourishment and 
enjoyment, and open an immeasurable field of observation, 
from which the intellectual activity of man derives a great 
portion of its grandeur and power. The world of perceptive 
phenomena is reflected in the depths of the ideal world, and 
the richness of nature and the mass of all that admits of clas- 
sification gradually become the objects of inductive reasoning. 

t would here allude to the advantage, of which I have al- 
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xeady spoken, possessed by that portion of physical science 
whose origin is familiar to us, and is connected with our earth- 
ly existence. The physical description of celestial bodies, from 
the remotely-glimmering nebulae with their suns, to the central 
body of our own system, is limited, as we have seen, to gen- 
eral conceptions of the volume and quantity of matter. No 
manifestatioii of vital activity is there presented to our senses. 
It is only from analogies, frequently from purely ideal com- 
binations, that we hazard conjectures on the specific elements . 
of matter, or on their various modifications in the different 
planetary bodies. But the physical knowledge of the het- 
erogeneous nature of matter, its chemical difierences, the reg- 
ular forms in which its molecules combine together, whether 
in crystals or granules; its relations to the deflected or de- 
composed waves of lighl; by which it is penetrated ; to radi- 
ating, transmitted, or polarized heat ; and to the briUiant or 
invisible, )}ut not, on that account, less active phenomena of 
electro-magnetism — ^all this inexhaustible treasure, by which 
the enjoyment of the contemplation of nature is so much 
heightened, is dependent on the surface of the planet which 
we inhabit, and more on its solid than on its Uquid parts. I 
have already remarked how greatly the study of natural ob- 
jects and forces, and the infinite diversity of the sources they 
open for our consideration, strengthen the mental activity, and. 
call into action every manifestation of intellectual progress. 
These relations require, however, as little comment as that 
concatenation of causes by which particular nations are per- 
mitted to enjoy a superiority over others in the exercise of a 
material power derived from their command of a portion of 
these elementary forces of nature. 

If, on the one hand, it were necessary to indicate the dif- 
ference existing between the nature of our knowledge of the 
Earth and of that of the celestial regions and their contents, 
I am no less desirous, on the other hand, to draw attention 
to the limited boundaries of that portion of space from which 
we derive all our knowledge of the heterogeneous character 
of matter. This has been' somewhat inappropriately termed 
the Earth's crust; it includes the strata most contiguous to 
the upper surface of our planet, and which have been laid 
open before us by deep fissure-like valley^, or by the labors of 
man, in the bores and shafts formed by miners. These labors* 

* la apeaking of the greatest depths within the Earth reached by ha 
man labor, we mast recollect that there is a difference between the ab' 
iolnie depth (that is to say, the depth below the Earth's virface at tlui. 
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do not extend beyond a vertical depth of gconewhat more thaa 
2000 feet (about one third of a geographical mile) below the 

point) and the relative depth (or that beneath the level of the sea). The 
greatest relative depth that man has hitherto reached is probably the 
bore at the new salt^worka at Mindeu, in Pmssia: in June, 1844, ifr 
was exactly 1993 feet, the absolute depth being 2231 feet. The tern 
perature of the water at the bottom was 91° F., which, assuming the 
mean temperature oi' the air at 49^*3, gives an augmentation of tem- 
perature ot 1° for every 54 feet. The absolute depth of the Artesian 
well of Grenelle, near Paris, is anly 1795 feet. According to the ac- 
count of the missionary Imbert, the fire-springs^ ** Ho-tsing," of the Chi- 
nese, which are sunk to obtain [carbureted] hydrogen gas for salt^boil- 
ing, fai* exceed our Artesian springs in deptn. In the Chinese province 
of Sztl-tschuan these fire-sprmgs are very commonly of the depth of 
more than i^OOO feet; indeed, at Tseu-lieu-tsing (the place of continual 
flow^ there is a Ho-tsing which, in the year 1812, was found to be 3197 
feet deep. (Humboldt, Asie Centrale, t. ii*, p. 521 and 525, Anuale^ 
de rAsaocicUion de la Propagation de la Foi, 1829, No. 16, p. 369.) 

The relative depth reached at Mount Massi, in Tuscany, south of 
Volterra, amounts, according to Matteuci, to c^ily 1253 feet. The bor- 
ioff at the new salt-works near Minden is prob^y of about the same 
relative depth as the coal-tnine at Apendale, near Newcastle-under- 
Lyme, in Staffordshire, where men work 725 yards below the surface 
of the earth. (Thomas Smith, Miner^s (Hide, 1886, p. 160.) Unfortu- 
nately, I do not know the exact height of its mouth above the level 
of the sea. The relative depth of me Monk-wearmoutb mine,, near 
Newcastle, is only 1496 feet. (Phillips, in the Pkilos. Mag.^ vol. v., 
1834, p. 446.) That of the Liege coal-mine, VEspiraricet at Seraing, 
is 1355 feet, according to M. von Dechen, the director ; "and the ota 
mine of Marihaye, near V8l-St.-Lambert, in the valley of the Maes, 
is, according to M. Gemaert, Ing^nieur des Mines, 1233 feet in depth. 
The works of greatest absolute depth that have ever been formed 
are for the most part situated in such elevated plains or valleys that 
they either do not descend so low as the level of the sea, or at most 
reach very little below it. Thus the Sselschacht, at Knttenberg, in Bo* 
hemia, a mine which can not now be worked, had the enormous abso- 
lute depth of 3778 feet. (Fr. A, Schmidt, Berggesetze der otter Mon., 
abth. i., bd. i., s. xxxii.) Also, at St. Daniel and at Geish, on the RSrer- 
bnhel, in the Landgerieht (or provincial district) of KitzbOhl, there 
were, in the sixteenth century, excavations of 3107 feet. The plans 
of the works of the R5rerbaliel are still preserved. (See Joseph von 
Sperges. Tyroler Bergwerksgeschichtey s. 121. Compare, also, Hum- 
boldt, Chttachten iJiber Herantreibung des Meissner Stollens in die Frei- 
berger Erzrevier, prmted in Herder, fiber den jetz begonnenen Erbstol* 
lent 1838, s. cxxiv.) We may presume that the knowledge of the ex- 
traordinary depth of the R5rerbtlhel reached England at an early period, . 
for I find It remarked in Gilbert, de Ma^nete, that men have penetrated 
2400 or even 3000 feet into the crust ot the Earth. (•* Bxigua videtur 
terras portio, quee unqnam hominihus spectanda emerget aut eruitnr; 
com profundius in ejus viscera, ultra ^oreacentis extremitatis corrupte- 
1am, aut propter aquas in magnis fodin. tanquam per veuas scatarientes 
aut propter aeris ralnbrioris ad vitam o erariorum sustinendam ueces- 
earii defectnin, aut propter ingentes snm|. tus ad tantoA labores exant- 
landoi^ imiltisqne difficnltates, ad profundi ^re»'teme partes penetnuw 
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JfeveUof the sea, and oonsequently oidy about t^t^ ^^ ^^^ 
Earth's radius. The crystaltine masses that have been erupt- 
ed from active^ volcanoes, and are generally similar to the 
rocks on the upper surface, have come from depths which, 
although not accurately determined, must certainly be sixty 
times greaLter than those to which human labor has been ena- 
bled to penetrate. We are able to give in numbers the depth 
of the shaft where the strata of coal, after penetrating a cer- 
tain way, rise again at a distance that admits of being accu- 
rately defined by measurements. These dips show that the 
carboniferous strata, together with the fossil organic remains 
which they contain, must lie, as, for instance, in Belgium, 
more than five or six thousand feet* below the present level 

Don possumus; adeo ut quadringentas aut [quod rarissime] quingentas 
orgyas in quibusdam metallis descendisse, stupendus omnibus videatur 
conatuB.^' — GuUelmi Gilbert!, GolcefltreBsis, de Magneie Phygiologia 
nova. Loud., 1600, p. 40.) 

The absolute depth of the mines in the Saxon Erzgebirge, near Frei 
burg, are: in the Thurmhofer mines, 1944 feet; in the Honenbirker 
mines, 1827 feet ; the relative depths are only 677 and 277 feet, if, in 
order to cakulate the elevation of the mine's mouth above the level of 
the sea, we regard the elevation of Freiburg as determined by Reich's 
recent observations to be 1269 feet. The absolute depth of the cele- 
brated mine of Joachimsthal, iu Bohemia (Verkreuzung des Ju^g Hauer 
Zedlen-und Andreasganges), is full 2120 feet ; so that, as Von Dechen*s 
measurements show mat its surface is about 2388 feet above the level 
of the sea, it follows that the excavations have i\ot as yet reached that 
point. In the Harz, the Samson mine at Andreasberg has an absolute 
depth of 2197 feet. In what was formerly Spanish America, I know 
of no mine deeper than the Valenciana, near Gnanaxuato (Mexico), 
where I found the absolute depth of the Planes de San Bemuxlo to be 
1686 feet ; but these planes are 5960 feet above the level of the sea. 
If we compare the depth of the old Kottenberger mine (a depth great- 
er than the height of our Brocken, and only 200 feet less than that of 
Vesuvius) with the loftiest structures that the hands of man have ereotr 
ed (with the Pyramid of Cheops and with the Cathedral of Strasburg), 
we find that they stand in the ratio of eight to one. In this note I have 
collected all the certain information I could find regarding the greats 
eat absolute and relative depths of noines and borings. In descending 
eastward from Jerusalem toward the Dead Sea, a view presents itselt 
to the eye, which, according to our present hypsometrical knowledge 
of the surfeoe of our planet, is unnvaled in any country ; as we ap- 
proach the open ravine through which the Jordan takes its course, we 
tread, with the open sky above us, on rocks which, according to the ba- 
rometric measurements of Berton and Bussegger, are 1385 feet below the 
level of the Mediterranean. (Humboldt, Ane CeniralCy th. ii., p«. 323.) 

* Basin-shaped curved strata, which dip and reajipear at measurable 
distances, although their deepest portions are beyond the reach of the 
miner, afibrd sensible evidence of the nature of the earth's crust at great 
depths below its surface. Testimony of this kind possesses, consequent!* 
ly, a great geognosdc interest I am indebted to that excellent geog- 
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3f the Bea, and that the calcareous and the curved strata of 
the Devonian basin penetrate twice that depth. If we com- 
pare these subterranean basins with the summits of mountains 
that haye hitherto been considered as the most elevated por- 
tions of the raised crust of the Earth, we obtain a distance of 
37,000 feet (about seven miles), that is, about the i-^^th of 
the Earth's radius. These, therefore, would be the limits of 
vertical depth ^nd of the superposition of mineral strata to 
which geognostical inquiry could penetrate, even if the gener- 
al elevation of ike upper surface of the earth were equal to 
the height of the Dhawalagiri in the Himalaya, or of the 
Sorata in Bolivia. All that lies at a greater depth below the 
level of the sea than the shafts or the basins of which I have 
spoken, the limits to which man's labors have penetrated, or 
than the depths to which the sea has in some few instances 
been sounded (Sir James Ross was unable to find bottom with 
27,600 feet of line), is as much unknown to us as the interior 
of the other planets of our solar system. We only know the . 
mass of the whole Earth and its mean density by comparing 
it with the open strata, which alone are accessible to us. In 
the interior of the Earth, where all knowledge of its chemical 
and mineralogical character fails, we are again limited to as 
pure conjecture, as in the remotest bodies that revolve rc^nd 
the Sun. We can determine nothing ^ith certainty regard- 
ing the depth at which the geological strata must be supposed 
to be in state of softening or of liquid fusion, of the cavities 
occupied by elastic vapor, of the condition of fluids when 
heated under an enormous pressure, or of the law of the in- 

nosist, Von Decfaen^ fur the following observatioiu. " The depth of 
the coal basin of Liege, at Mont St. Gules, which I, in coi^unction with 
oar friend Von Oeynnausen, have ascertained to be 3890 feet below 
the surface, extends 3464 -feet below the sarface of the sea, for the ab- 
solute height of Mont St. GiHes certainly does not much exceed 400 
feet ; the coal basin of Mons is fully 1865 feet cleeper. But all these 
depths are trifling compared with those which are presented by the 
coal strata of Saar-Revier (SaarbrOcken). I have found, after repeated 
examinations, that the lowest coal stratum which is known in the neigh- 
borhood of Duttweiler, near Bettingeu, northeast of Saarlouis, must de- 
scend to depths of 20,682 and 22,015 feet (or 3*6 geographical miles) 
below the level of the. sea." This result exceeds, oy more than 8000 
feet, the assumption made in the text regarding the basin of the De- 
vonian strata. This coal-field is therefore sunk as &r below the eut- 
face of the sea as Chimborazo is elevated above it— *at a depth at which 
the Barth*s temperature must be as hish as 435^ F. Hence, from the 
highest pinnacles of the'- Himalaya to the lowest basins containing the 
regetalSon of an earlier world, there is a vertical distance of about 
48,000 feat, or of the 435th part of the Earth's radiiis. 
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erease of density from the upper surface to tli<E center of the 
Earth. 

The consideration of the increase of heat with the increase 
of depth toward the interior of our planet, and of the reaction 
of the interior on the external crust, leads us to the long series 
of volcanic phenomena. These elastic forces are manifested 
in earthquakes, eruptions of gas, hot wells, mud volcanoes and 
lava currents from craters of eruptions, and even in producing 
alterations in the level of the -sea.* Large plains and vari- 
ously indented continents are raised or sunk, lands are sep 
arated from sea's, and the ocean itself, which is permeated hy 
hot and cold currents, coagulates at hoth poles, coiiverting 
water into dense masses of rock, which are either stratified and 
fixed, or hroken up into floating banks. The boundaries of 
sea and land, of fluids and solids, are thus variously and fre- 
quently changed. Plains have undergone oscillatory move- 
ments, being alternately elevated and- depressed. After the 
elevation of continents, mountain chains were raised upon long 
fissures, mostly parallel, and, in that case, probably cotem- 
poraneous ; and salt lakes and inland seas, long inhabited by 
the same creatures, were forcibly separated, the fossil remains 
of shells and zoophytes still giving evidence of their original 
connection. Thus, in following phenomena in their mutual 
dependence, we are led from the consideration of the forces 
acting in the interior of the Earth to those which cause erup- 
tions on its surface, and by the pressure of elastic vapors give 
rise to burning streams of lava that flow from open fissures. 

The same powers that raised the chains of the Andes and 
the Himalaya to the regions of perpetual snow, have occa- 
sioned new compositions and new textures in the rocky masses, 
and have altered the strata which had been previously de- 
posited from fluids impregnated with organic sul»tances. We 
here trace the series of formations, divided and superposed ac- 
cording to their age, and depending upon: the changes of con- 
figuration of the surface, the dynamic relations of upheaving 
forces, and the chemical action of vapors issuing from the 
fissures. 

The form and distribution of continents, that is to say, of 
that solid portion of the Earth's surface which is suited to the 
luxurious development of vegetable life, are associated by in- 
timate coimection and reciprocal action with the encircling 

. * [See Daubeuey On Volcanoes, 2d edit., 1848, p. 539, &c., on the so- 
called mud volcanoes, and the reasons advanced in favor of adopting the 
term <' salses" to designate these phenomena.]— Tr. 
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flea, ia wbieh oigaoio life is almost entirely limited to the anv 
mal world. The liquid element is again covered by the at- . 
mosphere, an aerial ocean in which the mountain chains and 
high plains of the dry land rise like shoals, occasioning a Va- 
riety of currents and changes oC temperature, coUeotiag vapor 
from the region of clouds, and distributing life and motion by 
the action of the streams of water which flow from tbeir de- 
chvities. 

While the geography of plants and animals depends on 
these intricate relations of the distribution of sea and limd, the 
configuration of the surface^ and the direction of isothermal 
lines (or zones of equal meaa annual heat), we iiiid that the 
case is totally difierent when we consider the human race — 
the last and noblest subject in a physical description of the 
globe. The characteristic difierences in races, and their rela- 
tive numerical distribution over the Earth's surface, are con- 
ditions afiected not by natural relations alone, but at the same 
time and specially, by the progress of civilization, and by moral 
and intellectual cultivation, on which depends the political 
superiority that distinguishes national progress. Some few 
races, clinging, as it were, to the soil, are supplanted and ruined 
by the dangerous vicinity of others more civilized than them- 
selves, until scarce a trace of their existence remains. Other 
races,^ again, not the strongest in numbers, traverse the liquid 
element, and thus become the first to acquire, although late, 
a geographical knowledge of at least the maritime lands of the 
whole surface of oi^r globe, from pole to pole. 

I have thus, before we enter on the individual characters 
of that portion of the delineation of nature which includes the 
sphere of telluric phenomena, shown generally in what man- 
ner the consideration of the form of the Earth and the inces- 
sant action of electro-magnetism and subterranean heat may 
enable us to embrace in one view the relations of horizontal 
expansion and elevation on the Earth's surface, the ffeognostio 
type of formations, the domain of the ocean (of the hquid por- 
tions of the Earth), the atmosphere with its meteorological 
prt>cesses, the geographical distribution of plants and animals, 
and, finally, the physical gradations of the human race, which 
is, exclusively and every where, susceptible of intellectual cul- 
ture. This unity of contemplation presupposes a connection 
of phenomena according ta their internal combination. A 
mere tabular arrangement of these facts would not fulfill the 
object I have proposed to myself, and would not satisfy that 
requirement for cosmical presentation awakened in me by the 
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aspect of nature in my jouraeyiags by sea and land, by the 
careful study of forms and forces, and by a virid impression 
of the unity of iiature in the midst of the most varied portions 
of the Earth. In the rapid advance of aU branches of physical 
science, much that is deficient in this attempt will, perhaps, 
at no remote period, be corrected, and reiidered more periect, 
for it belongs to the history of the developoaent of knowledge 
that portions which have long stood isolated become gradually 
connected, and subject to h^her laws. I only indicate the 
empirical path in which I and many others of similar pursuits 
with myself are advancing, fuU of expectation that, as Plato 
tells ud Socrq.tes once desired, " Nature may be interpreted by 
reason alone."* 

The delineation of the principal characteristics of telluric 
phenomena must begin with the form of our planet and its 
relations in space. Here, too, we may say that it is not only 
the mineralogical character of rocks, whether they are crys- 
talline, granular, or densely fossiliferous, but the geometrical 
form of the Earth itself, wluch indicates the mode of its origin, 
and is, in fact, its history. An elliptical spheroid of revolu- 
tion gives evidence of having once been a soft or fluid mtass. 
Thus the Earth's compression constitutes one of the most an- 
cient geognostic events, as every attentive reader of the book' 
of nature can easily discern ; and an analogous fact is pre- 
sented in the case of the Moon, the perpetual direction of whose 
axes toward the Earth, that is to say, the increased accumula- 
tion of matter on that half of the Moon which is turned to- 
ward us, determines the relations of the periods of rotation and 
revolution, and is probably cotemporaneous with the earliest 
epoch in the formative history of this satellite. The mathe- 
matical figure of the Earth is that which it would have were 
. its surface covered entirely by water in a state of rest ; and it 
is this assumed form to which all geodesical measurements of 
degrees refer. This mathematical surface is different from 
that true physical surface which is affected by all the acci- 
dents and inequalities of the solid parts, t The whole figure 
of the Earth is determined when we know the amount of the 

♦ Plato, Phado, p. 97. (Arist., Metaph.f p. 985.) Compare Hegel, 
Philosophie der Ge$ckichte,lS40yB, 16. 

t BeBsel, Allgemeine Betrachtnngen uber Oradmea^ungen nock astro- 
nomiaeh-geoddtUchen ArbeiteUf at the conclusion of Bessel and Ba@yer, 
Oradmessung m Osiprettasen, s. 427. Regarding the accumulation of 
matter on the side of the Moon turned toward us (a subject noticed 
in an earlier part of the teXt)^ see LaiJace, Expot. du Sf8$. du Monde, 
p. 308. 
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oompression at the poles and the equatorial diameter ; m or* 
der, however, to obtain a perfect representation of its form- it 
is necessary to have measurements in two directions, perpen- 
dicular to one another. 

Eleven measurements of degrees (or determinations of the 
curvature of the Earth's surface in diflerent parts), of which 
nine only belong to the present century, have made us ac- 
quainted with the size of our globe, which Pliny named '' a 
point in the immeasurable universe. " * If these measurements 
do not always accord in the curvatures of difierent meridians 
under the same degree of latitude, this very circumstance 
speaks in favor of the exactness of the instruments and the 
methods employed, and of the accuracy and the fidelity to 
nature of these partial results. The conclusion to be drawn 
from the increase of forces of attraction (in the direction from 
the equator to the poles) with respect to the figure of a planet 
is dependent on the distribution of density in its interior. 
Newton, from theoretical principles, and perhaps likewise 
prompted by Cassini's discovery, previously to 1666, of the 
compression of Jupiter,! determined, in his immortal work, 
PhUosophice Naturalis Prindpiay that the compression of the 
Earth, as a homogeneous mass, was 7^7^^- Actual meas- 

* Plin., ii., 68. Seneca^ Nat, Quast, Praf.y c. ii. ** Bl mundo es 
poco" (the Eartb is small and narrow), v^-rit^s Columbus from Jamaica 
to Queen Isabella on the 7th of July, 1503 ; not because he entertained 
the philosophic views of the aforesaid Romans, but because it appeared 
advantageous to him to maintain that the journey from Spain was not 
long, if, as he observes, " we seek the east from the west." Compare 
m^ Examen Crit. de VHist. de la Giogr. du Ibme Siiehy t. i., p. 83, an4 
t. ii., p. 327, where I have shown that the opinion maintained by De- 
lisle, Fr^ret, and Gosselin, that the excessive differences in the state- 
ments regarding the Earth*s circumference, found in the writings of 
the Greeks, are only apparent, and dependent on different values being 
attached to the stadia, was put forward as early as 1495 by Jaime Fer- 
rer, in a proposition regarding the determination of the line of demark- 
ation of the papal dominions. 

t Brewster, Lt/c of Sir Isaac Neteton, 1831, p. 162. " The discoveiv 
of the spheroidal form, of Jupiter by Cassini had probably directed the 
attention of Newton to the determination of its cause, and, consequent* 
ly, to the investigation of the true figure of the Earth." Although Cas- 
sini did not announce the amount ol th6 compression of Jupiter (y'-gth) 
till 1691 (Anciens Mimoirea de VAcad. des Sciences,^, ii., p. 108), yet 
we know from Lalande {Attron,, 3me fed., t. iii., p. 335) that Moraldi 
possessed some printed sheets of a Latin work, '' On the Spots of the 
l^lanets," commenced by Cassini, from which it was obvious that he 
was aware of the compression of Jupiter before the year 1666, and 
therefore at least twenty-one years before the publication of Newton's 
Prmcipia, 
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urements, made by the aid of new and more perfect analysisi 
have, however, shown that the compression of the poles of the 
terrestrial spheroid, when the density of the strata is regarded 
as increasing toward the center, is very nearly j^yth. ' 

Three methods have been employed to investigate the curv- 
ature of the Earth's surface, viz., measurements of degrees, 
oscillations of the pendulum, and observations of the inequal- 
ities in the Moon's orbit. The first is a direct geometrical 
and astronomical method, while in the other two we determ- 
ine from accurately observed movements the amount of the 
forces which occasion those movements, and from these forces 
we arrive at the cause from whence they have originated, viz., 
the compression of our terrestrial spheroid. In this part of 
my delineation of nature, contrary to my usudl practice, I 
have instanced methods because their accuracy affords a strik- 
ing illustration of the intimate connection existing among 
the forms and forces of natural phenomena, and also because 
their application has given occasion to improvements in the 
exactness of instruments (as those employed in the measure- 
ments of space) in optical and chronological observations ; to 
greater perfection in the fundamental branches of astronomy 
and mechanics in respect to lunar motion and to the resistance 
experienced by the oscillations of- the pendulum ; and to the 
discovery of new and hitherto untrodden paths of analysis. 
With the exceptioa of the investigations of the parallax of 
stars, which led to the discovery of aberration and nutation, 
the history of science presents no problem in which the ob- 
ject attained — ^the knowledge of the compression and of the 
irregular form of our planet — ^is s6 far exceeded in importance 
by the incidental gain which has accrued, through a long and 
w«ary course of^ investigation, in the general furtherance and 
improvement of the mathematical and astronomical sciences. 
The comparison of eleven measurements of degrees (in which 
are included three extra-European, namely, the old Peruvian 
and two East Indian) gives, according to the most strictly 
theoretical requirements allowed for by Bessel,"^ a compression 

* According to BefiseFs examination of ten measarements of degrees, 
in which the error discovered by Puissant in the calculation of the 
French measnrementB is taken into consideration (Schumacher, Attron, 
Nachr*, 1841, No. 438, s. II 6 \ the semi-axis major of the elliptical 
spheroid of revolution to which the irregular figure of the Earth most 
closely approximates is 3,272,077' 14 toises, or 20,924,774 feet ; the semi- 
axis minor, 3,261,159*83 toises, or 20,854,821 feet; and the amount of 
compression or eccentricity .^^-.^ ; the length of a mean degree of 
the meridian, 57,013'109 toises, or 364,596 feet, with an error cf -f 
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of ^l^th. In accordance trith this, the polar radius is 1 0,938 
toises (69,944 feet), or about 11^ miles, shorter than the equa- 
torial radius of our terrestrial spheroid. The excess at the 
equator in consequence of the curvature of the upper surface 
of the globe amounts, consequently, in the direction of gravi- 
tation, to somewhat more than 4f th times the height of 
Mont Blanc, or only 2^ times the probable height of the 
summit of the Dhawalagiri, in the Himalaya chain.' The 
lunar inequalities (perturbation in the moon's latitude and 
longitude) give, according to the last investigations of Laplace, 
almost the same result for the ellipticity as the measurements 
of degrees, viz., ^^th. The results yielded by the oscillation 
of the pendulum give, on the virhole, a much greater amount 
of compression, viz., ^J-jth.* 

2*8403 toises, or 18*16 feeft, whence the length of a geographical mile 
is 3807*23 toises, or 6086*7 feet. Previoos combinations of measare- 
ments of degrees varied between ^^jd and ^i^th; thus Walbeck {De 
Forma et Magniindine telluris in demensis arcttbus Meridiani dejiniendis, 
1819) gives jiri^Ti*^ • Ed. ScHtoidt {LehrbuchderMathem. und Phys. Oeo- 
graphie, 1829, s. 5) gives srirs^t ^ ^be mean of seven measares. Re- 
specting the influence of great differences of longitude on the polar 
compression, see Bibiioihiqne Universellef t. xxziii., p. 181, and t xxzVf, 
p. 56 ; likewise Connaiuance des TeUng, 1829, p. 290. From the lunar 
inequalities alone, Laplace (Exposition du 8y*t. du Monde^ p. 229) fonnd 
it, by the older tables of Burg, to be ^oVj^^ > ^"^^ subsequently, from 
the lunar observations <^ Burckhardt and Bouvard, he fixed it at ^^.f th 
{Mietmique C4letie, t. v., p. 13 and 43). 

* The osoiUationfl of ^he pendulum give ysv-j^ ^ ^^® general result 
of Sabine's great expedition (1822 and 1823, irom the equator to 80p 
north latitude); according to Freycinet, .^^.^y exclusive of the experi- 
ments instituted at the Isle of France, Gruam, and Mowi (Mawi); ac- 
cording to Forster, j|/^.yth ; aceovding to Duperrey, -^.rth; and ac^ 
cording to LQtke Charlie NauHque, 1836, p. 232), ^tb, calculated 
from eleven stations. On the other hand, Mathieu (Connaitt. de» Temps, 
1816, p. 330) fixed the amount at ^y«d» from observations made be- 
tween Formentera and Dunkirk ; and Biot, at j^th, from observations 
between Formentera and the island of Unst. Compare Baily, Report 
on Pendulum Experiments^ in the Memoirs of the Royal Attronomical 
Society, vol. vii., p. 96 ; also Borenius, in the Bvlletin de VAcad, dt 8t. 
P6tersbourg, 1843, t. i., p. 25. The first proposal to apply the lencth of 
the pendulum as a standard of measure, and to establish the third part 
of the seconds pendulum (then supposed to be every where of equal 
length) as a pes horarhtSf or general measure, that might be recovered 
at any age and by all nations, is to 1>e fonnd in Haygens's Horologium 
Oseillatorium, 1673, Prop. 25. A similar wish was afterward publicly 
expressed, in 1742, on a monument erected at the equator by Bousfuer, 
La Condamine, and Godin. On the beautiful mfu*ble tablet which ex- 
ists, as yet uninjured, in the old Jesuits' College at Quito, I have myself 
read the inscriptbn, Peiuhtli ssmplieis aqmnocOalis umus mmnai secundt 
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Galileo, whou first olnerved when a boy (having, probably, 
Bttfiered his thoughts to wander from the service) that the 
height of the vaulted roof of a church might be measured by 
the time of the vibration of the chandehers suspended at dif- 
jerent altitudes, could hardly have anticipated that the pendu- 
lum would one day be carried from pole to pole, in order to 
detennine the form of the Earth, or, rather, that the unequal 
density of the strata of the Earth afiects the length of the sec- 
onds petidulum by means of intricate forces of local attraction, 
which are, however, almost regular in large tracts of land. 
These geognostic relations of an instrument intended for the 
measurement of time — ^this property of the pendulum, by 
which, hke a sounding line, it searches unknown depths, and 
reveals in volcanic islands,*" or in the decUvity of elevated con- 
tinental mountain chains,! dense masses of basalt and mela- 

archetypuSf mentura naturalis exemplary vtinam universalis ! From an 
observation made by La Condamine, in his Jowmal dw Voyage «L VEqua^ 
teur, 1751, p. 163, regarding parts of the inscription that were not fiUed 
up, and a shght difference between Boagner and himself respecting the 
numbers, I was led to expect that I should find considerable discrepan- 
cies between the marble tablet and the inJscription as it had been de- 
scribed in Paris; but, after a careful comparison, I merely found two 
perfectly unimportant differences: "ex arcu 'grjiduum 3^" instead of 
** ex arcu graduum plnsquam trium," and the date of 1745 instead of 
1742. T& latter circumstance is singular, because La Condamine re- 
tni-ned to Europe in November, 1744, Bouguer in June of the same year, 
and Godin had left South America in July, 1744. The most necessary 
and useful amendment to the numbers on this inscription would have 
been the astronomical longitude of Quito. (Humboldt, Recueil ePOb- 
serv. Astron., t. ii., p. 319-354.) Nonet's latitades, engraved on Egyp- 
tian monuments, offer a more recent examiple of the danger preseutecT 
by the grave perpetuation of false or careless results. 

* Respecting the augmented intensity of the attraction of gravitation 
in volcanic islands (St. Helena, Ualan, Fernando de Noronha, Isle of 
France, Guam, Mowi, and Galapagos), Bawak (Liitke, p. 240) being 
an exception, |»robably in consequence of its proximity to the high 
land of New Guinea, see Mathieu, m Delambre, Hisi, de PAstroTumief an 
I8me Sideley p. 701. 

t Numerous observations also show great irregularities in the length 
of the pendulum in the midst of continents, and which are ascribed to 
local attractions. (Delambre, Mesure de la MMdienne, t iii., p. 548; 
Biot, in the M6m. de PAeadimie des Sdenees, t. viii., 1829, p. 18 and 
23.) In passing over the South of France and Lombardy from west to 
east, we nnd the minimum intensity of gravitation at Bordeaux ; from 
thence it increases rapidly as we adrance eastward, through Figeac, 
Clermon^Ferrand, Milan, and Padua ; and in the last town we find that 
the intensity has attained its maximum. The influence of the southern 
declivities of the Alps is not merely dependent on the general size of 
their mass, but (much more), in the opinion of Elie de Beaumont {Reek* 
mr les R6vol de la Surface du Globe^ 1830, p. 729\ on the i*r>cks of 
melaphyre and serpentme, which have elevated trie cliaiii. Ou the 
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phyre instead of cavities, render it difficult, notwithstanding 
the admirable simplicity of the method, to arrive at any great 
result regarding the figure of the Earth from observation of 
the oscillations of the pendulum. In the astronomical part of 
the determination of degrees of latitude, mountain chains, or 
the denser strata of the Earth, likewise exercise, although in a 
less degree, an unfavorable influence on the measurement. 

As the form of the Earth exerts a powerful influence on the 
motions of other cosmical bodies, and especially on that of its 
own neighboring sateUite, a more perfect knowledge of the mo- 
tion of the latter will enable us reciprocally to draw an infer- 
ence regarding the figure of the Earth. Thus, as Laplace ably 
remarks,^ ''An astronomer, without leaving his observatoiy, 
may, by a comparison of lunar theory with true observations, 
not only be enabled to determine the form and size of the 
Earth, but also its distance from the Sun and Moon — results 
that otherwise could ^only be arrived at by long and arduous 
expeditions to the most remote parts of both hemispheres." 

declivity of Ararat, which with Caacasus maj be said to lie in the cen- 
ter of gravity of the old continent formed by Europe, Ada, and Africa, 
the very exact pendulum experimentg of F^orow give indications, not 
of subterranean cavities, but of dense volcanic masses. (Parrot, Reite 
zum Ararat, bd. ii., s, 143.) In the geodesic operations of Carlini and 
Plana, in Lombardy, differences ran^ng from 20" to Al"'% have been 
found between direct observations ot latitude and the results of these 
operations. (See the instances of Andrate and Mondovi, and those of 
Milan and Padua, in the Operations Geodea. et AUron. pour la Mesure 
d^un Arc du FaroKile Moyen, t. ii., p. 347 ; Effemeridi Astron. di Mi- 
lanoy 1842, p. 57.) The latitude of Milan, deduced from that of Berne, 
according to the French triangulation, is 45° 27' 52", while, according 
to direct astronomical observations, it is 45° 27' 35". As the perturba- 
tions extend in the plain of Lombardy to Parma, which is far south of 
the Po (Plana, OpH-at. Geod., t. ii., p. 847), it is probable that there are 
deflecting causes concealed beneath the toil of the plain itself. Struve 
has made similar experiments [ with corresponding results] in the most 
level parts of eastern Europe. (Schumacher, Astron. Nachrichien, 1830, 
No. 164, s. 399.) Begardmg the influence of dense masses supposed to 
lie at a small depth, equal to the mean height of the Alps, see the ana- 
lytical expressions given by Hossard and Bozet, in the Comptes Rendus, 
t. xviii., 1844, p. 292, and compare Uiem vnth Poissou, Traiti de Mi- 
canique (2me ed.), t. i., p. 482. The earUest observations on the in- 
fluence which different Kinds of rocks exercise on the vibration of the 
pendulum are those of Thomas Young, in the Philos, Trantaetums for 
1819, p. 70*96. In drawing conclusions regarding the Earth's curva- 
ture from the length of the pendulum, we. ought not to overlook the 
possibility that its qrust may have undergone a process of hardening 
previously to metallic and dense basaltic masses having penetrated froQ 
great depths, through open clefts, and approached near the surface. 
* Laplace, Expos, du Syst. du Monde, p. 231. 
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The compressioii ^hiob may be inferred from lunax inequali* 
ties affords an advantage not yielded by individual measure- 
ments of degrees or experiments with the pendulimi, since it 
gives a mean amount which is referable to the whole planet. 
The comparison of the Earth's compression with the velocity 
of rotation shows, further, the increase of density from the 
strata from the surface toward the center — an increase which 
a comparison of the ratios of the axes of Jupiter and Saturn 
with their times of rotation likewise shows to exist in th^ 
two large planets. Thus the knowledge of the external foitn 
of planetary bodies leads ua to draw conclu»ons regarding their 
internal character. 

The northern and southern hemisp'here& appear to present 
nearly the same ciirvature under equal degrees of latitude, but, 
as has already been observed, pendulum experiments and 
measurements of degrees yield such different results for indi- 
vidual portions of the Earth's surface that no regular figure 
can be given which would reconcile all the results hitherto 
obtained by this method. The true figure of the Earth is to 
a regular figure as the uneven surfaces of water in motion are 
to the even surface of water at rest. 

When the Earth had been measured, it still had to be 
weighed. The oscillations of the pendulum* and thp plum- 
met have here likewise served to determine the mean density 
of the Earth, either in connection with astronomical and geo- 
detic operations, with the view of finding the deflection of the 
plummet from a vertical line iu the vicinity of a mountain, or 
by a comparison of the length of the pendulum in a plain and 
on the summit of an elevation, or, finally, by the employment 
of a torsion balance, which may be considered as a horizon- 
tally vibrating pendulum for the measurement oC the relative 
density of neighboring strata. Of these three methodst the 

* La Caille'a pendulum measurements at the Cape of Good Hope, 
which biave been calculated with much care by Mathieu (Delambre, 
Hist, de VAstron. an 18meSiicle,n, 479), give a compression of ^^j.^th; 
but, from several comparisons of observations made in equal latitudes 
in the two hemispheres (New Holland and the Malouines (Falkland 
Islands), compared with Barcelona, New York, and Dunkirk), there is 
as yet no reason for supposing that the mean compression of the south- 
em hemisphere is greater than that of the northern.* (Biot, in the MSm, 
de VAcad, des Sciencet, t. viii., 1829, p. 39-41.) 

t The three methods of observation give the following results: (U) by 
the deflection of the plumb-line in the proximity of the ShehaUien 
Mountain (Gaelic, Thichallin) in Perthshire, 4*713, as determined by 
Maskelyne, Hutton, and Play&ir (1774-1776 and 1810), according to a 
method that had been proposed by Newton; (2.) by pondolum vibra 
Vol. I— H 
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last IS the most certain, since it is independent of the difficult 
determination of the density of the mineral masses of which 
the spherica] segment of the mountain consists near which the 
observations are made. According to the most recent experi- 
ments of Reich, the result detained is 5*44 ; that is to aaLj^ the 
mean density of the whole Earth is 5 '44 times greater 'than 
that of pure water. As, according to the nature of the min- 
eralogical strata constituting the dry continental part of the 
Eipth's surface, the mean density of this portion scarcely 
amounts to 2' 7, and the d^isity of the dry and liquid surfiAse 
conjointly to scarcely 1-6, it follows that the elliptical un- 
equally compressed layers of the interior must greatly increase 
m density toward the center, ^ther through pressure or owing 
to the heterogeneous nature of the substances. Here again 
we see that the vertical, as well as the horizontally vibrating 
pendulum, may justly be termed a geognostical instrument. 

The results obtained by the employment of an instrument 
of this kind have led celebrated physicists, according to the 
difierence of the hypothesis firom which they started, to. adopt 

tions on mountains, 4*837 (Carlini's observations on Mount Cenis com 
pared with Biot's observations at Boideaux, Effemer, Astron. di Milano, 
1824, p. 184); (3.^ by the torsion balance used by Cavendish, with an 
apparatus originally devised by IVJitchell, 5*48 (according to Hutton's 
revision of the calculation, 5*32, and according to that of Bdoard 
Schmidt, 5*52 ; Ldtrbiteh der Math. Oeagrapkie, bd. i., s. 487) ; by the 
torsion balance, fuscording to Reich, 5*44. In the calculation cS these 
expei-iments of Professor Reich, which have been made with masterly 
accuracy, tbe original mean result was 5*43 (with a probable error of 
only 0*0233), a'result which, bei»*^ increased by the quantity by which 
the Barth's centrifugal force diminishes tbe force of grayi^ lot the lati* 
tude of Freiberg (50^ 55'), becomes changed to 5*44. The employ* 
ment of cast iron instead of lead has not presented any sensible diffei^ 
ence, or none exceeding the limits of errors of observation, hence dis- 
closing no traces of magnetic influences. (Reich, Vertuehe itber die mUU 
lere Dichtigheit der Erde, 1838, s. 60, 62, and 66.) By the assumption 
of too slight a degree of ellipticity of the Earth, and by the uncertainty 
of the estimations regarding the density of rocks on its surface, the 
mean density of the Earth, as deduced ffom experiments on and near 
mountains, was found about one nxth smaller than it really is, name- 
ly, 4-761 (Laplace, Miean. Colette, t. v., p. 46), or 4-7«5. (Ednard 
Schmidt, Z>&r6. der Math. Geogr., bd. i., % 387 und 418.^ On HaUey'tf 
hypothesis of the Earth being a hollow q>heie (noticea in page 171), 
which was the germ of Franklin's ideas concerning eartfaqnaKes, see 
Pkiloz. Traits, for the year 1693, vol. xvii., p. 563 (Chi the Structure of 
the MUemal Parte of the Earthy and the concave habited Arch of the 
Shell). Halley reganfod it as more worthy of the Creator ** that t^ie 
Earth, like a house of several stories, should be inliabited bath without 
and within. For light in the hollow sphere (p. 576) provi«»iou might ii» 
■sne manner be contrived.*' 
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ontiiely opposite views regarding the nature of the intetior of 
the globe. It has been computed at what depths liquid or 
even gaseous substances would, from the pressure of their 
own superimposed strata, attain a density exceeding that of 
platinum or even iridium ; and in order that the compressiim 
which has been determined within such narrow limits migh^ 
be brought into harmony with the assumption of simple and 
infinitely compressible matter^ Leslie has ingeniously cpnceived 
the nucleus of the world to be a hollow sphere, filled with. an 
assumed '* imponderable matter, having an enormous force of 
expansion.'' These^ venturesome and arbitraiy conjectures 
have given rise, in wholly unscientific circles, to still more 
fantastic notions. The hollow sphere has by degrees been 
peopled with plants and animals, and two small subterranean 
revolving planetfr-^Fluto and Proserpine — ^were imaginatively 
supposed to shed over it their mild light ; as, however, it was 
further imagined that an ever-uniform temperature reigned in 
these internal regions, the air, which was made self-himinous 
by cimipreasion, might w^ render the planets of this lowex 
world unnecessary. Near the north pole, at 82° latitude, 
whence the polar light emanates; was an enormous opening, 
through which a descent might be made into the hollow 
sphere, and Sir Humphrey Davy and myself were even pub- 
Uoly and frequently invited by Captain Symmes to enter upon' 
this subterranean expedition : so powerful is the morbid in- 
elination of men to fill unknown spaces with shapes of won- 
der, totally unmindful of the counter evidence furnished by 
well-attested facts and universally acknowledged natural laws. 
Dven the celebrated Halley, at the end of' the seventeenth 
contury, hollowed out the Earth in his magnetic speculations ! 
Men were invited to believe that a subterranean freely-ro- 
tating nucleus occasions by its position the diurnal and an- 
nual changes of magnetic declination. It has thus been at- 
tempted in our own day, with tedious solemnity, to clothe in 
a scientifia garb the quaintly-devised fiction of the humorous 
Holberg.* 

* [The vfotk referred to, oim of tbe wittiest prodncdoiis of die learned 
Norwegiau aatimt aDd drainatut Holberg, was written in Latin, and 
first appe.8red under the f4»llowing title : NieoUdJClimii iter Mubterra- 
nemm navam tdivris thtoriam ae historiam quinUt monorchia adhue Wh 
bis ineogmUt exhibent e bibUotkeca b. Abelini. Hafnia tt Lij^sia tunU. 
Jacn Preuu, 1741. An admirable Danieb translation of tbis learned 
bat severe satire on the institutions, morals, and manners of the inhab* 
itsnts of tbe ap|>er Earth, appeared at Copenhagen in 1789, and was 
entitled Ni€U KHmU undeirjfirdiske rei$€ psd Ludwig Holberg, oversai 
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The figure of the Earth and the amount of solidification 
(density) which it has acquired are intimately connected with 
the forces by which it is animated, in so far, at least, as they 
have been excited or awakened from without, through its 
planetary position with reference to a luminous central body. 
Compression, when considered as a consequence of centrifugal 
force acting on a rotating mass, explains the earlier condition 
of fluidity of our planet. During the solidification of this 
fluid, which is commonly conjectured to have been gaseous 
and primordially heated to a very high temperature, an enor- 
mous qiiantity of latent heat must have been liberated. If 
the process of solidification began, as Fourier conjectures, by 
radiation from the cooling sur&ce exposed to the atmosphere, 
the particles near the center would have continued fluid and 
hot. As, afler long emanation of heat from the center toward 
the exterior, a stable condition of the temperature of the 
Earth would at length be established, it has been assumed 
that with increasing depth the subterranean heat likewise 
uninterruptedly increases. The h/eat of the water which 
flows from deep borings (Artesian wells), direct experiments 
regarding the temx>erature of rocks in mines, but, above all, 
the volcanic activity of the Earth, shown by the flow of molt- 
en masses Trom open fissures, aflbrd unquestionable evidence 
of this increase for very considerable depths from the upper 
strata. According to conclusions based certainly upon mere 
analogies, this increase is probably much greater toward the 
center. 

That which has been leiamed by an ingenious analytic cal- 
culation, expressly perfected for this class of investigations,* 

tfUr den Laiinske original af Jens Baggesen. Holberg, who studied 
tor a time at Oxford, was born at Bergen in 1685, and died in 1754 as 
Rector of the University of Copenhagen.] — Tr, 

* Here we must notice the admirable analytical labors of Fourier, 
Biot, Laplace, Poisson, Duhamel, and Lam6. In his Th6orie Mathitna' 
Hque'de la Chaleur, 1835, p. 3, 428-430, 436, and 521-524 (see, also, 
De la Bive's abstract in the Biblioikeque Univeraelle de OeneveY Pois* 
son has developed an hypothesis totally different from Fourier^s view 
( Theorie Analytique de la CheUewr,) He denies the present fluid state 
of the Earth's center ; he believes that " in cooling by radiation to the 
medium surrounding the Eajrth, the parts which were first solidified 
nmk, and that by a double descending and ascending ourrent,. the great 
inequality was lessened which would have taken place in a solid body 
cooling from the surface." It seems more probable to this great ge- 
ometer that the solidification began in the parts lying nearest to uie 
center : " the phenomenon of the increase of heat with the depth doea 
not extend to me whole mass of the Earth, and is merely a consequence 
of the motion of our planetary system in space, of which aome parts 
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legaiding the motion of beat in homogeneous metallic sphoi 
Toids, must be applied witb much caution to the actual cbar- . 
acter of our planet, considering our present imperfect knowl- 
edge of tbe substances of which the Earth is composed, the 
difierence in the capacity of heat and in the conducting power 
of difierent superimposed masses, and the chemical changes 
experienced by solid and liquid masses from any enormous 
compression. It is with the greatest difficulty that our pow- 
ers of comprehension can conceive the boundary line which di- 
vides the fluid mass of the interior from the hardened mineral 
masses of the external surface, or the gradual increase of the 
solid«6trata, and the condition of semi-fluidity of the earthy 
substances, these being conditions to which known laws of 
hydraulics can only apply under considerable modifications. 
The Sun and Moon, which cause the sea to ebb and flow, 
most probably also aflect these subterranean depths. We 
may suppose that the periodic elevations and depressions of 
the molten mass under the already solidified strata must have 
caused inequalities in the vaulted surface from the force of 
pressure. The amount and action of such oscillations must, 
however, be small ; and if the relative position of the attract- 
ing cosmlcal bodies may here also excite '' spring tides," it is 
certainly not to these, but to more powerful internal forces, 
that we must ascribe the movements that shake the Earth's 
surface. There are groups of phenomena to. whose existence 
it is necessary to draw attention, in order to indicate the 
universality of the influence of the attraction of the Sun and 
Moon on the external and internal conditions of the Earth, 
however little we may be able to determine the quantity of 
this influence. 

According to tolerably accordant experiments in Artesian 
wells, it ha^ been shown that the heat increases on an average 
about 1° foi every 54*5 feet. If this increase can be reduced 

are of a very different temperatare from others, in oonsequence of stel- 
lar heat (chaleor stellaire)." Thus, according to Poisson, tbe warmth 
of the water of our Artesian wells is merely that which has penetrated 
into tbe Barth from without ; and tbe Earth itself ** might be regarded 
as in the same circumstances as a mass of rock conveyed from the 
eqnator to tbe pole in so short a time as not to have entirely cooled. 
Tbe .ncrease of temperature in such a block would not extend to the 
central strata." Tbe physical doubts whieb have reasonably been 
entertained against this extraordinary cosmical view (which attributes 
to tbe regions of space that which probably is more dependent on the 
first transition of matter condensing from the gaseo-fluid into tbe solid 
state) will be found collected in Poggendorf *s Annalenf bd. xxxix., a. 
93-100. 



Digitized 



by Google 



174 COSMOS. 

to aritlimeiical relations, it will follow, as I hare' already ob- 
served,* that a stratum of granite would be in a state of fusion 
at a depth of nearly twenty-one geographical miles, or between 
four and five times the elevaticm of the highest summit of the 
Himalaya. 

We must distinguish in our globe three difierent modes for 
the transmission of heat. The first is periodic, and afileets 
the temperature of the terrestrial strata according as the heat 
penetrates firom above downward or from below upward, b^ing 
influenced by the difiierent portions of the Sun and the sea- 
sons of the year. The second is likewise an e&ct of the Sun, 
although extremely slow : a portion of the heat that has pene* 
trated into the equatorial regions moves in the interior dT the 
globe toward the poles^ where it escapes into the atmosphere 
and the remoter regions of space. The third mode of trans- 
mission is the slowest of all, and is derived from the secular 
cooling of the globe, and from the small portion of the primi> 
tive heat which is still being disengag^ from the surface. 

* See the Introduction. This increase of temperature has been foand 
in the Puits de Grenelle, at Paris, at ^*3 feet ; in the boring dt the new- 
salt- works at Minden, almost 53*6 ; at Pregny, near Geneva, accordins 
to Auguste de la Rive and Marcel^ notwithstatSding that the month of 
the boring is 1609 feet above the level of the sea, it is also 53*6 feet. 
This coincidence between the results of a method first proposed by 
Arago in the year 1821 {Annuaire du Bureau des Longitndet, 1835, p. 
234), fer three different mines, of the absolute depths of 1794, 2231, 
and 725 feet respectively, is remarkable. The two points on the Earth, 
lying at a small vertical distance from each other, whose annual mean 
temperatures are most accurately known, are probably at the spot on 
which the Paris Observatory stands, and the Caves de rObservatoire 
beaeath it : the mean temperature of the former is 51^*5, and of the 
latter 530-3, the difference being 1^*8 for 92 feet, or 1° for 51-77 feet. 
(Poisson, TMofie Math, de la Chaleury p. 415 and 462.) In the course 
of the laist seventeen years, from causes not yet perfectly understood, 
but probably not connected with the actual temperature of the caves, 
the thermometer standing there has risen very nearly 0°-4. Although 
in Artesian wells there are sometimes slight errors from the latend 
permeation of water, these errors are less injurious to the accuracy of 
conclusions than those resulting from currents of cold air, which are 
almost always present in mines. The general result of Reich's great 
work on the temperature of the mines m the Saxony mining districts 
^ves a somewhat slower increase of the terrestrial heat, or 1^ to 76*3 
feet. (Qeich, Beob, 6bei[ die Temperatur dee Oetteint in verschieden en 
TiefeHf 1834, s. 134.) Phillips, however, found (Pogg., Annalenf bd. 
xxxiv., s. 191), in a shaft of the coal-mine of Monk-wearmouth, near 
Newcastle, in which, as I have already remarked, excavations are going 
on at a depth of about 1500 feet below the level of the sea, anjncreasa 
of 1^ to 59*06 feet, a result almost identical with that found 1^ Anigo 
m the Pdits de Grenell. 
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This I06B experienced by the central heat must have been very 
considerable in the earliest epochs of the Earth's resolutions, 
but within historical periods it has hardly been appreciable 
by our instruments. The surface of the Earth is therefore 
situated between the glowing heat of the inferior strata and 
the universal regions of space, whose temperature is probably 
below the freezing-point of mercury. 

The periodic changes of temperature which have been 
occasioned on the Earth's surface by the Sun's position and 
by meteorological processes, are continued in its interior, 
although to a very inconsiderable d^th. The slow conduct- 
ing power of the ground diminishes this loss of heat in the 
winter, and is very favorable to deep-rooted trees. Points 
that lie at very difierent depths on the same vertical line 
attain the maximum and minimum of the imparted tempera- 
ture at very difierent periods of time. The further they are 
removed from the surface, the smaller is this difference be- 
tween the extremes. In the latitudes of our temperate zone 
(between 48? and 52^), the stratum of invariable temperature 
is at a depth of from 59 to 64 feet, and at half that depth 
the oscillations of the thermometer, from the influence of the 
* seasons, scarcely amount to half a degree. In tropical cli* 
mates this invariable stratum is only one foot below the 
surface, and this fact has been ingeniously nlade use of by 
Boussingault to obtain a convenient, and, as he believes, cer- 
tain determination of the mean temperature of the air of 
di&rent places.*" This mean temperature of the air at a 
fixed point, or at a group of contiguous points on the surface, 
is to a certain degree the fundamental element of the 6llmato 
and agricultural relations of a district ; but the mean tern* 
.perature of the whole surface is very difierent from that of 
the. globe itself. The questions so often agitated, whether the 
mean temperature has experienced any considerable difierences 
in the course of centuries, whether the climate of a country 
has deteriorated, and whether the winters have not become ' 
milder and the summers cooler, can only be answered by 
means of the thermometer ; this instrument has, however, 
scarcely been invented more than two centuries and a half, 
and its scientific • application hardly dates back 120 years. 
The nature and noVelty of the means interpose, therefore, very 
narrow limits to our investigation regarding the temperature 

* BouBsingaalt, Sur la Profondeur a laquelle m trouve la Couehe de 
Temperature invariable entre les Tropiqne$, iti ,tho Annalef de Ckimif 
«t de Pht/sique, t. liii., 1833, p. 225-247. 
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of the air. It is quite otherwise, however, with the solution 
of the great problem of the internal heat of the whole Earth. 
As we may judge of uniformity of temperature £rom the unal- 
tered time of vibration of a pendulum, so we may also learn, 
from the unaltered rotatory velocity of the Earth, the amount 
of stability in the mean temperature of our globe. This 
insight into the relations between the length of the day and 
the ?teat of the Earth is the result of one of the most brilliant 
applications of the knowledge we had long possessed of the 
movement of the. heavens to the thermic condition of our 
"planet. The rotatory velocity of the Earth depends on its 
volume ; and since, by the gradual cooling of the mass by 
radiation, the axis of rotation would become shorter, the rota- 
tory velocity would necessarily increase, and the length of the 
day diminii^, with a decrease of the temperature. From the 
comparison of the secular inequalities in the motions of the 
Moon with the echpses observed in ancient times, it follows 
that, smce the time of Hipparchus, that is, for full 2000 
years, the length of the day has certainly not diminished by 
the hundredth part of a second. The decrease of the mean 
heat of the globe during a period of 2000 years has not, there- 
fore, taking the extremest limits, diminished as much as ^^^th 
of a degree of Fahrenheit.* 

This invariability of form presupposes also a great invaria- 
bility in the distribution of relations of density in the interior 
of the globe. The translatory movements, which occasion 
the eruptions of our present volcanoes and of ferruginous lava, 
and the filling up of previously empty fissures and cavities 
with ^ense masses of stone, are consequently only to be re- 
garded as slight superficial phenomena affecting merely one 
portion of the Earth's crust, which, from their smallness 
when compared to the Earth's radius, become wholly insig- 
nificant. 

I have described the internal heat of our planet, both with 
reference to its cause and distribution, almost solely from the 
results of Fourier's admirable investigations. Poisson doubts 
the fact of the uninterrupted increase of the Earth's heat 

* Laplace, Exp. du Syst. du MondCf p. 229 and 263 ; MScarU^ut 
CiUatey t. v., p. 18 and 72. It should be remarked that tlie fraction 
^^th of a degree of Fahrenheit of the mercurial thermometer, giveu in 
the text as the limit of the stability of the Earth's temperature since 
the days of Hipparchus, rests on the assumption that the dilatation of 
the Bubstances of which the Earth is composed is equal to that of glass, 
that is to say, x^.-Jnnr^^ ^^^ ^^* Regarding this hypothesis, see Arago 
in the Annuaire for 1834, p. 177-190. 



Digitized 



by Google 



TEBBEHTBIAIi MAGNETISM. 177 . 

f 

from the surfasce to the center, and is of opinion that all heat 
has penetrated from without inward, and that the tempera- 
ture of the glohe depends upon the very high or very low 
temperature of the regions of space through which the solar 
system has moved. This hypothesis, imagined hy one of the 
most acute mathematicians of our time, has not satisfied phys- 
icists or geologists, or scarcely, indeed, any one besides its au- 
thor. But, whatever may be the cause of the internal heat 
of our planet, and of its limited or u&Hmited increase in deep 
strata, it leads us, in this general sketch of nature, through 
the intimate connection of all primitive phenomena of matter, 
and through the common hond hy which molecular forces are 
united, into the mysterious domain of magnetism. Changes 
of temperature call forth magnetic and electric currents. Ter- 
restrial magnetism, whose main character, expressed in the 
three-fold manifestation of its forces, is incessant periodic va- 
riability, is ascribed either to the heated mass of the Earth 
itself,* or to those galvanic currents which we consider as 
electricity in motion, that is, electricity moving in a closed 
circuit, t 

The mysterious course of the magnetic needle is equally 
afiected by time and space, by the sun's course, and by changes 
of place on the Earth's surface. Between the tropics, the 
hour of the day may be known by the direction of the needle 
as well as by the oscillations of the barometer. It is afiected 
instantly, but only transiently, by the distant northern light 
as it shoots from the pole, flashing in beams of colored light 
across the heavens. When the uniform horary motion of the 
needle is disturbed by a magnetic storm, the perturbation 
manifests itself dmidtaneciuslyt in the strictest sense of the 
word, over hundreds and thousands of miles of sea and land, 
or propagates itself by degrees, in short intervals of time, in 

* William Gilbert, of Colchester, whom Galileo pronounced " great 
to a degree that might be envied,'* said " magnns magnes ipse est globus 
terrestris." He ridicules the magnetic mountains of Frascatori, the great 
cotemporaiy of Columbus, as bein^ magnetic poles : " rejicienda est 
YulgariB opinio de montibus magneticis, aut rupe aliqna magnetica, aut 
polo phantastico a polo mundi distante/' He assumes the declination 
of the magnetic needle at any given point on thtf sur&ce of the Earth 
to be invariable (variatio uniuscujusque loci constans est), and refers 
the curvatures of the isogenic lines to the configuration of continents 
and the relative positions of sea basins, which possess a weaker mag^ 
netic force than the solid masses rising above the ocean. (Gilbert, de 
Hagnete, ed. 1633, p. 42, 98, 152, and 155.) 

t Gauss, AUgemane Theorie des Erdmagneiitmus, in the RemUaU aui 
dm Beob, de» Magnet. Verdnt, 1838, s. 41, p. 56. 
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•vcxy direetion oyer the Earth's Binface.^ In the fi»rmer ease, 
the simultaneous manifestation of the storm may serve, with- 
in certain limitations, hke Jupiter's satellites, fire-signals; and 
well-observed ialls of shooti^ stars, for the geographical 
determination of degrees of l<»igitude. We here recognize 
with aAtonishment that the perturbatiooB of two small mag^ 
netic needles, even if suspended at great depths below the 
surface, can measure the distances apart at which they are 
placed, teaching us, for instance, how far Kasan is situated 
east of Gottingen or of the banks of the Seine. There are 
also districts in the earth where the mariner, who has been 
enveloped for many days in mist, without seeing either the 
sun or stars, and defudved of all means of determining the 
time, may know with certainty, from the variations in the 
inclination of the magnetic needle, whether he is at the north 
or the south of the port he is desirous of entering.f 

* There are also peiturbationa which are of a local character, and 
do not extend themselves far, and are probabl^f^ lesa deep-seated. Some 
years ago I described a rare instance of this kind, in which an extraor- 
dinary distarbance was felt in the mines at Freiberg, but was not per- 
ceptible at Berlin. {Lettr^ de M. de HwnboUt a Son Altesse RoyaU le 
Due de Sussex sur les moyens propres a perfeciumner la Comtausanee 
iv Magn4tisme Terrestrej in BecquereFs Traiti ExpSrimental de VElee- 
tricii4f t. vii., p. 442.) Magnetic storms, which were simultaneously 
felt from Sicily to Upsala, did not extend from Upsala to Alten. (Gaass 
and Weber, ResuUate des Magriee. Vereint, 1839, ^ 128; Llo^d, in the 
Compies Rendus de VAcad. dea Sciences, t. xiii., 1843, S6m. li., p. 72S 
and 827.) Among the numerous examples that have, been recently • 
observed, of perturbations occurring simuhaDeously and extending over 
wide portions of the Earth's sur£&ce, and which are collected in Sabine's 
important work {Observ. on Days of unnsued Magnetie XHsiurbaneey 
1843), one of the most remarkable is that of the 25th of September^ 
1841, which was observed at Toronto in Canada, at the Cape of Good 
Hope, at Prague, and partially in Van Diemen's Land. The English 
Sunday, on which it is deemed sinful, after niidnight on Saturday, to 
register an observation, and to follow out the great phenomena of crea- 
tion in their perfect development, interrupted the observations in< Van 
Diemen's Land, where, in coitaequence of the difference of the longi- 
tude, the magnetic storm fell on the Sunday. (Casern., p. xiv., 78, 85, 
and 87.) 

' t I liave described, in Lam^therie's Journal de Physique, 1804, t. 
lix., p. 449, the application ^alluded to in the text) of the magnetic in- 
clination to the determination of latitude along a coast mnaing north 
and south, and which, hke that of Chili and Peru, is for a part of tiie 
year enveloped in mist (garua). In the locality I have just mentioned, 
thui application is of the ^eater importance, because, in consequence 
of the strong current running northward as &r as to Cape Parena, navi* 
gators incur a great loss of time i£ they approach the coast to the north, 
of the haven they are seeking. In the South Sea,. fi»m Gallao de Uma 
harbor to Truxillo, which diner from each other iu latitude by 3^^ ST' 
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When the needle, by it& sudden disturbance in its horary 
course, indicates the presence of a magnetic storm, we are 
still unfortunately ignorant whether the seat of the disturbing 
cause is to be sought in the Earth itself or in the upper re- 
gions of the atmosphere. If we regard the Earth as a true 
magnet, we are obHged, according to the views entertained 
by Friedrich Gauss (the acute propounder of a general theory 
of terrestrial magnetism), to ascribe to every portion of the 
globe measuring one eighth of a cubic meter (or S/^ths of a 
French cubic foot) in volume, an average ^mount of fnagnet- 
ism equal to that contained in a magnetic rod of 1 lb. weight.* 
If iron and nickel, and probably, also, cobalt (but not chrome, 
e^ has long been believed),! are the only substances which 
become permanently magnetic, ' and retain polarity from a 
certain coercive force, the phenomena of Arago*s magnetism 
of rotati<m and of Faraday's induced currents show, on the 
other hand, that all telluric substances may possibly be made 
trauMtorily magnetic. According to the experiments of the 

I have obaenred a variatioii of the magnetic inclinaticm amcnmting to 
90 (centesimal division) ; and from CaUao to Gaayaquil, which differ in 
latitude by 9° 50', a variation of 23<^-5. (See my R^ai, Hist., t. m., 
p. 622.) At Guarmey (1(P 4' south lat.), Huaura (11° 3' south lat.), 
and Chancay (11° 32' south lat), the inclinations are 6°-80, 9°, and 
10^*35 of the centeamal divimon. The determination of position by 
means of the magnetic inclination has this remarkable featore connected 
with it, that where the ship's course cuts the isoclinal line almost per- 
pendicularly, it is the only one that is independent of all determination 
of time, and, consequently, of observations of the sun or stars. It is 
' only lately that I discovered, for the first time, that as early as at the 
close of tne sixteenth cedtury, and conseonentljr hardly twenty years 
after Bobert Norman had invented the inclinatorium, William Gilbert, 
in his great work De MagneUt proposed to determinie the latitude by 
the incHnation of the magnetic needle. Gilbert {Phynologia Nova d€ 
Magneie, lib. v., cap. 8, p. 200) commends the method as applicable 
"aCre cali^oso." Edward Wright, in the introduction which he 
added to his master's sreat work, describes this proposal as '' worth 
nmch gold.'' As he fell into the same error with Gilbert, of presum 
ing that the isoclinal lines coincided with the geographical parallel 
circles, and that the magnetic and geographical equators were identic- 
al, he did not perceive that the proposed method had only a local and 
very limited application. • 

* Gauss and Weber, Retultate de* Magnet, Vereins, 1838, $ 31, s. 146. 

t According to Faraday (LoiuUm and Edinburgh Pkiloiophieal Maga- 
zinef 1836, vol. viii., p. 178), pure cobalt is toUuly devoid of ma^^netic 
power. I know, however, that other celebrated chemists (Hemrich 
Rose and W5hler^ do not admit this as absolutely certain. If out of 
two carefully-punfied masses of cobalt totally free from nickel, one a^ 
pears altogether non-magnetic (in a state of equilibrium), I think it 
probable that the other owes its magnetic property to a want of purity ; 
and this opinion coincides with Faraday's view. 
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h'rst-mentioned of these great physicists, water, ioe, glass, and 
oarhon afiect the vibrations of the needle entirely in the same 
manner as mercury in the rotation experiments.** Almost all 
substances show themselves to be, in a certain degree, mag- 
netic when they are conductors, that is to say, when a current 
of electricity is passing through them. 

Although the knowledge of the attracting power of native 
iron magnets or loadstones appears to be of very ancient date 
among the nations of the W^st, there is strong historical evi- 
dence in proof of the striking fact that the knowledge of the 
directive power of a magnetic needle and of its relation to 
terrestrial magnetism was peculiar to the Chinese, a people 
living in the extremest eastenuportions of Asia. More than 
a thousand years before our era, in the obscure age of Codrus, 
and about the time of the return of the Heraclid» to the Pel- 
oponnesus, the Chinese had already magnetic carriages, on 
which the movable arm of the figure of a man continually 
pointed to the south, as a guide by which to find the way 
across the boundless grass plains of Tartary ; nay, even in the 
third century of our era, therefore at least 700 years before 
the use of the mariner's compass in European seas, Chinese 
vessels navigated the Indian Oceanf under the direction of 
magnetic needles pointing to the south. I have shown, in 
another work, what advantages this means of topographical di- 
rection, and the early knowledge and application of the mag- 
netic needle gave the Chinese geographers over the Greeks 
and Romans, to whom, for instance, even the true direction 
of the Apennines and Pyrenees always remained unknown.f 

The magnetic power of our globe is manifested on the ter- 
restrial surface in three classes of phenomena, one of which 
exhibits itself in the varying intensity of the force, and the 
two others in the varying direction of the inclination, and in 

* Arago, in tbe Annales de Ckimie, t, xxzii., p. 214 ; Brewster, Treat- 
ise on Magnetism^ 1837, p. Ill; Baumgartner, in the Zeitsehrift f&r 
Phy§. und Mathem., bd. h., s. 419. 

t Humboldt, Examen Critique de VHitU de ta CUographie, t. iii., p. 36. 

X Ane CentrcUe, t. i., Introdaction, p. xx:l^iii.-x;lii. The Western 
nations, the Greeks and the Romans, knew that magnetism could be 
communicate4 to iron, and that that metal would retain it for a length of 
time. (" Sola hsec materia ferri vires, a magnete lapide accipit, retinet- 
que longo iemjtorey PUn., xzxiv., 14.) The great discovery of the ter- 
restrial directive force depended, therefore, alone on this, that no one 
in the West had happened to observe an elongated fragment of magnet- 
ic iron stone, or a niagnetic iron rod, floating, by the aid of a piece of 
wood, in water, or sospended in tbe air by a thread, in such a position 
as to admit of free motion. 
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the horizontal deviation from the terrestrial meridian of the 
spot. Their combined action may therefore be graphically 
represented by three systems of lines, the isodynamic, isodinic, 
and isogonic (or those of equal force, equal inclination, and 
equal declination). The distances apart, and the relative po* 
sitions of these moving, oscillating, and' advancing curves^ do 
not always remain the same. The total deviation (variation 
or declination of the magnetic needle) has- not at all changed, 
or, at any rate, not in any appreciable degree, during a whole 
century, at any particular point on the Earth's surface,* as, 
for instance, the western part of the Antilles, or Spitzbergen. 
In like manner, we observe that the isogonic curves, when they 
pass in their secular motion from the surface of the sea to a 
continent or an island of considerable extent, continue for a long 
time in the same position, and become inflected as they advance. 
These gradual changes in the forms assumed by the lines 
in their translatory motions, and which so unequsdly modify 
the amount of eastern and western declination, in the course 
of time render it difficult to traqe the transitions and analogies 
of forms in the graphic representations belonging to different 
centuries. Each branch of a curve has its history, but this 
history does not reach further back among the nations of the 
West than the memorable epoch of the 13th of September, 
1492, when the re-discoverer of the New World /ound a line 
of no variation 3^ west of the meridian of the idand of Flores, 
one of the Azores. t The whole of Europe, excepting a small 

* A very slow secular progression, or a local invariability of the mag- 
netic declination, prevents the confusion which might arise from terres- 
trial influences in me boundaries of land, when, with an utter disregard 
for the correction of declination, estates are, after long intervals, meas- 
ured by the mere application of the compass. ** The whole mass of 
West Indian proper^," says Sir John Herschel, '' has been saved from 
the bottomless pit of endless litigation by the invariability of the mag- 
netic declination in Jamaica and the surrounding Archipelago during 
the whole of the last century, all surveys of property there having 
been conducted solely by the compass." See Robertson, in the Pkilo- 
Mophieal TramacHons for 1806, Part ii., p. 348, On the Permanency of 
the Comptua in Jamaica since 1660. In the mother qountiy (England) 
the magnetie declination has varied by fully 14^ during that period. 

t I luive elsewhere shown that, from the documents which have 
comedown to us regarding the voyages of Columbus, we can, with 
much certainty, fix upon three places in the Atlantic line of no declina- 
tion for the 13th of September, 1492, the 21st of May, 1496, and the 
16th of August, 1498. The Adantic line of no declination at that pe- 
riod ran from northeast to southwest. It then touched the South 
American continent a little east of Cape Codera, while it is now ob- 
served to reach that continent on the northern coast of the Brazils. 
(Humboldt, Exaimen Critique de VHitt. de la 06ogr.^ t. iii., p. 44-48.) 
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part of Ruttda, kas now a western declination, 'while at xUb 
close of the seventeenth century the needle first pointed due 
north, in London in 1657, and in Paris in 1669, there being 
thus a difierenoe of twelve years, notwithstanding the small 
distance between, these two places. In Eastern Russia, to 
the east of the mouth of the Volga, of Saraf ow» Nischni-Now^ 
gorod, and Archangel, the easterly declination of Asia is ad- 
vancing toward us. Two admirable observers, Hansteen and 
Adolphus Erman, have made us acquainted with the remark- 
able double curvature of the Hnes of declination in the vast 
region of Northern Asia ; these being concave toward the 
pole between Obdorsk, on the Oby, and Turuchansk, and con- 
vex between the Lake of Baikal and. the Gulf of Ochotsk. In 
this portion of the earth, in northern Asia, between the mount- 
ains of Werchojansk, Jakutsk, and the northeim Korea, the 
isogenic lines fSfxm a remarkable closed system. This oval 
configuration* recurs regularly, and over a great extent of the 
South Sea, almost as far as the meridian of Pitoaim and the 
group of the Marquesas Islands^ betwe^i 20^ nofth and 45° 

From GHlberl*8 Phynologia Nova de Magnettj we see plainly (and the 
fact is very remarkable) that in 3600 the declination was still nail in 
the region of the Azores, just as it had been in the time of Columbus 
(lib. 4, cap. 1). I believe that in my Examen Critique (t. iii., p. 54) 
1 have proved from documents that the celebrated line of demarcation 
by which Pope Alexander VI. divided the Western hemisphere between 
Portugal and Spain was not drawn through the most western point of 
the Azores, because Columbus wished to convert a physical into a po> 
litical division. He attached great importance to the zone (rayaj " in 
which the compass shows no variation, where air and ocean, the latter 
covered with pastures of sea-weed, exhibit a peculiar constitution, 
where cooling winds begin to blow, and where [as erroneous observa- 
tions of the polar star led him to imagine] the form (sphericity) of the 
Earth is no longer the same." 

* To determme whether the two oval systems of isogenic lines, so 
singularly included each within itself, will continue to advance for cen- 
tunes in the same inclosed form, or will unfold and expand themselves, 
is a question of the highest interest in the problem of the physical 
causes of terrestrial magnetism. In die Eastern Asiatic nodes the dec- 
lination increases from without inward, while in the node or oval sys- 
tem of the South Sea the opposite holds good ; in fact, at the present 
time, in the whole South Sea to the east of the mei'i<lian of Kamt- 
schatka, there is no line where the declination is uttll,'or, indeed, in 
which it is less than 2^ (Erman. in Pogg., Annal.y bd. xxxi., $ 129). 
Yet Cornelius Schouten, on Easter Sunday, 1616, appears to have fouu<l 
the declination null somewhere to the aouthea«t of Nukahiva, in 15° 
south lat. and 132^ west long., and consequently in the middle of the 
present closed isogonal system. (Hansteen, Magnet, der Erde, 1819, $ 
28.) It must not be forgotten, in the midst of al) these c^iur^ideratioiis. 
that we can only follow the direction of the maguetic lines in tlieii 
progress as they are projected upon the surface of the Earth. 
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Boath lat. One would almost be inclined to regard this ain- 
gular configuration of closed, almost concentri<;, lines of decli- 
nation as the efiect of a local character of tliat portion of the 
globe ; but if, in the coarse of centuries, these apparently iso- 
lated systems should also advance^ we must suppose, as in the 
ease of all great natural forces, that the phencnnenon arises 
from some general cause. 

The horary varisitions of the declination, which, although 
dependent upon true time, are apparently governed by the 
Sun, as long as it remains above the horizon, diminish in an- 
gular value with the magnetic latitude of place. Near the 
equator, for instance, in the island of Rawak, they scareely 
amount to three or four minutes, while they are from thirteen 
to fourteen minutes in the middle of Europe. As in the whole 
northern hemisphere the north point of the needle moves from 
east to west on an average from 8^ in the morning until 1| at 
mid-day, while in the southern hemisphere the same north 
point moves from west to east,* attention has recently heea 
drawn, with much justice, to the fact that there must be a 
region of the Earth between the terrestrial and the magnetic 
equator where no horary deviations in the declination are to be 
observed. This £>urth curve, which might be called the curve 
of no motion, or, rather, the lifie of no vcuricUion of horary 
declination, has not yet been discovered. 

The term magnetic poles has been applied to those points 
of the Earth's surface where the horizontal power disappears, 
and more importance has been attached to these points than 
properly appertains to them ;t and in like manner, the curvC) 
where the inclination of the needle is null, has be^n termed 
the magnetic eqttator. The position of this line and its secular 
change of configuration have been made an object of careful 
investigation in modem times. According to the admirable 
work of Duperrey,t who crossed the magnetic equator six times 
between 1822 and 1825, the nodes of the* two equators, that 
is to say, the two points at which the line without inclination 
intersects the terrestrial equator, and ccmsequently passes from 
one hemisphere into the other, are so unequally placed, that 
in 1825 the node near the island of St. Thomas, on the west- 

* Arago, in the Annvaire, 1836, p. 284, and 1840, p. 330-^38. 

t Gauss, Allg. Theorie des Erdmagnet.j $ 31. . 

t Duperrey, De la Configuration de VEquateur Magnitique, m the 
Annates de Chimie, t. xlv., p. ^H and 379. (See, also, Morlet, in the 
Mimoirea pr6senti» par divers 8avant a VAcad, Roy, des Sciences, Lm^ 
p. 132.) 



Digitized 



by Google 



184 COSMOS. 

dm coast of Africa, was 188^° distant from the node in the 
South Sea, close to the little islands of Gilbert, nearly in the 
meridian of the Viti group. In the beginning of the present 
century, at an elevation of 11,936 feet above the level of the 
sea, I made an astronomical determination of the point (7° 1' 
south lat., 48° 40' west long, from Paris), where, in the in- 
terior of the New Continent, the chain of the Andes is inter- 
sected hy the magnetic equator between Quito and Lima. To 
the west of this point, the magnetic equator continues to trav- 
erse the South Sea in the southern hemisphere, at the same 
time slowly drawing near the terrestrial equator. ^It first pass- 
es into the northern hemisphere a little before it approaches 
the Indian Archipelago, just touches the southern points of 
Asia, and enters the African continent to the west of Socotora, 
almost in the Straits of Bah-el-Mandeb, where it is most dis- 
tant from the terrestrial equator. After intersecting the un- 
known regions of the interior of Afirica in a southwest direc- 
tion, the magnetic equator re-enters the south tropical zone in 
the Gulf of Guiniea, and retreats so far from the terrestrial 
equator that it touches the Brazilian coast near Os Ilheos, 
north of Porto Seguro, in 15° south lat. From thence to the 
elevated plateaux of the Cordilleras, between the silver mines 
of Micuipampa and Caxamarca, the ancient seat of the Incas, 
where I observed the inclination, the line traverses the whole 
of South America, which in these latitudes is as much a mag- 
netic terra incognita as the interior of Africa. 

The recent observations of Sabine* have shown that the 
node near the island of St. Thomas has moved 4° from east to 
west between 1825 and 1837. It would be extremely im- 
portant to know whether the opposite pole, near the Gilbert 
Islands, in the South Sea, has approached the meridian of the 
Carolinas in a westerly direction. These general remarks will 
be sufficient to connect the different systems of isocUnic non- 
parallel lines with the great phenomenon of equilibrium "which 
is manifested in the magnetic equator. It is no small advant- 
age, in the exposition of the laws of terrestrial magnetism, that 
the magnetic equator (whose oscillatory change of form and 
whose nodal motion exercise au influence on the incUnation 
of the needle in the remotest districts of the world, in conse- 
quence of the altered magnetic latitudes)t should traverse the 

* See the remarkable chart of isoclinic lines in the Atlantic Ocean 
for the years 1825 and 1837, in Sabine's Contributions to Terresiria' 
Magnetum, 1840, p. 134. 

t Humboldt, Ueber die seculdre Verdnderung der Magnetisehen lit 
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ocean throughoat its whole oonise, excepting about one fiflh, 
and consequently be made so much more accessible, owing to 
the remarkable relations in space between the sea and land, 
and to the means of which we are now possessed for determin- 
ing with much exactness both the declination and the inclina- 
tion at sea. 

We have described the distribution of magnetism on the 
surface of our planet according to the two forms of declination 
and inclination ; it now, therefore, remains for us to speak of 
the intensity of the force which is graphically expressed by 
isodynamic curves (or lines of equal intensity). The investi- 
gation and measurement of this force by the oscillations of a 
vertical or horizontal needle have only excited a general and 
lively interest in its telluric relations since the beginning of 
the nineteenth century. The application of delicate optical 
and chronometrical instruments has rendered the measure- 
ment of this horizontal power susceptible of a degree of accu- 
racy far surpassing that attained in any other magnetic de- 
terminations. The isogonic lines are the more important in 
their immediate application to navigation, while we find from 
the most recent views that isodynamic lines, especially those 
which indicate the horizontal force, are the most valuable ele- 
ments in the theory of terrestrial magnetism.* One of the 
earliest facts yielded by observation is, that the intensity of 
the total force increases from the equator toward the pole.t 

elimatian (On the secular Change in the Magnetic Inclination), in Fogg., 
Annal,, bd. xv., b. 322. 

* Gauss, ResulUxte der Beob. dea Magn. Vereinsr 1838, $ t21; Sabine, 
Report on the VarioHonB of the Magnetic Intensity ^ p. 63. 

t The following is the nistory ot the discovery of the law that the 
intensi^ of the force increases (in general) with the magnetic latitude. 
When I was anxious to attach myself, in 1798, to the expedition of 
Captain Baudin, who intended to circnmnavi^te the globe, I was re- 
quested by Borda, who took a warm interest m the success of my proj- 
ect, to examine the oscillations of a vertical needle in the magnetic me- 
ridian in different latitudes in each hemisphere, in order to determine 
whether the intensity of the force was the same, or whether it varied in 
different places. During my travels in the tropical regions of America, 
I paid much attention to this subject I observed that the same needle, 
which in ^e space of ten minutes made 245 oscillations in Paris, 246 in 
the Havana, and 242 in Mexico, performed only 216 oscillations during 
the same period at St. Carlos del Bio Negro (1^ 53' north lat. and 8(F 
40 west long. h:om Paris), on the magnetic eauator, t. e., the line in 
which the intimation s=0 ; in Peru (7^ 1' soutn kt. and 80^ 40^ west 
long, from Pans) only 211 ; while at Lima (12^ 2' south lat.) the num- 
ber rose to 210. I found, in the years intervening between 1799 and 
1803, that the whole force, if we assume it at 1-0000 on the magnetic 
equator in the Peruvian Andes, between Micuipampa and Caxamarca. 
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The knowledge which we poeaefls of the qtuutltty of thb iiir 
crease, and of all the numerical relations of the law of in- 

may be expressed at Paris by 1*3482, in Mexico by 1-3155, in San Carlos 
del Rio Negro by 1*0480, and in Lima by 1*0773. When I developed 
this law of the varinble intensity of terrestrial magnetic force, aad sop- 
^rted it by the numerical value of observations instituted in 104 di^- 
terent places, in a Memoir read before the Paris Institute on the 26 th 
Frimaire, An. XIII. (of which the mathematical portion was contributed 
by M. Biot), the fact^ were regarded as altogether new. It wa3 only 
fitter the reading of the paper, as Biot expressly states (Lam^therie, 
Journal de Phynque, t. lix., p. 446, note 2), and as I have repeated in 
the Relation Historique^ t. i., p. 262, note 1, that M. de Sossel conunQ- 
nicated to Biot his oscillation experiments made six years earlier (be- 
tween 1791 and 1794) in Van Diemen's Land, in Java, and in Amboyna. 
These experiments gave evidence of the same law of decreasing force 
in the Indian Archipelago. It must, I think, be supposed, that this ex- 
cellent man, when he wrote his work, was not awara of the regularity 
of the augmentation and diminution of the intensity, as before the read- 
ing of my paper he never mentioned this (certainly not unimportant) 
physical law to any of our mutual friends, La Place, Delarabre, Provf , 
or Biot. It was not till 1808, four years after my return from America, 
that the observations made by M. de Rossel were published in theiToy- 
age de V Entrecadeauxy t. ii., p. 287, 291, 321, 480, and 644. Up to the 
present day it is still usual, in all the tables of magnetic intensity which 
have been published in Germany (Hansteen, Magnet, der Erde, 1819, 
s. 71; Gauss, Beob. des Magnet. Vereim, 1838, s. 36-39; Erman, Pky* 
tikal. Beob,, 1841, s. 529-579), in England (Sabine, ^epor^ on Magnet, 
Intensity, 1838, p. 43-62 ; Contributions to Terrestrial Magnetism, 1843), 
and in France ?Becqnerel, Traiti de Electr. et de Magnet., t. vii., p. 
354~367), to reduce the oscillations ot>served in any part of the Earth 
to the standard of force which I found on the ma^etic equator in 
Northern Peru, so that, according to the unit thus arbitrarily assumed, 
the intensity of the magnetic force at Paris is put down as 1*348. Tht 
observations made by Lamanon in the unfortunate expedi^bn of La 
Peronse, during the stay at Teneriffe (1785), and on the voyage to 
Macao (1787), are still older than those of Admiral Rossel. They were 
sent to the Academy of Sciences, and it is known that they were in the 
possession of Condorcet in the July of 1787 (Becquerel, t. vii., p. 3^) ; 
out, notwithstanding the most careful search, they are not now to be 
found. From a copy of a very important letter of Lamanon, now in the 
possession of Captain Dnperrey, which was addressed to the then per^ 
petnal secretary of the Academy of Sciences, but was omitted in the 
narrative of the Voyage de La Perouu, it is stated ^ that the attractive 
force of the masnet is less in the tropics than when w6 approach the 
poles, and that the magnetic intensity deduced from the number of os- 
cillations of the needle of the inclination-compass varies and increases 
with the latitude." If the Academicians, while they continued to ex- 
pect the return of the unfortunate La Ferouse, had felt themselves justi- 
fied, in the course of 1787, in publishing a truth which had been mde- 
pendently discovered by no less than three difierent travelers, the theory 
of terrestrial magnetism would have been extended by the knowledge 
of a new dass of observations, dating eighteen years earlier than they 
now do. This simple statement of tacts may probably justify the ob 
servations containea in the third volume of my Relation Historique (p 
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teneity afieetilig the whole Earth, is especially due, since 1819, 
to the unwearied activity of Edward Sahine, who, after hav- 
ing ohserved the oscillations of the same needles at the Ameri- 
can north pole, in Greenland, at Spitzheigen, and on the coasts 
of Guinea and Brazil, has continued to collect and arrange 
all the facts capable of explaining the direction of the isody- 
namic lines. I have myself given the first sketch of an isody- 
namic system in zones for a small part of South Amarica. 
These lines are not parallel to lines of equal inclination (iso- 
clinic lines), and the intensity of the force is not at its minirnuia 
at the magnetic equator, as hs^ been supposed, nor is it even 
equal at all parts of it. If we compare Erman's observations 
in the southern part of the Atlantic Ocean, where a faint zone 
(0*706) extends from Angola ov^r the island of St. Helena to 
the Brazilian coast, with the most recent investigations of the 
celebrated navigator James Clark Boss, we shall find that 
on the surface of our planet the force increases almost in the 
relation of 1 : 3 toward the magnetic south pole, where Vic- 
toria Land extends from Cape Crozier toward the volcano 
Erebus, which has been raised to an elevation of 12,600 feet 
above the ice.* If the intensity near the magnetic south pole 

615): "The observations on the variation of terrestrial magnetism, to 
which I have devoted myself for thirty-two years, by means of instru- 
ments which admit of comparison with one another, in America, Burope, 
and Asia, embrace an areii extending oyer 188 degrees of longitude, 
from the frontier of Chinese Dzoungarie to the west of the South Sea 
bathing the coasts of Mexico and Peru, and reaching from 60^ north^ 
lat. to 12^ south lat. I regard the discovery of the law of the decre** 
ment of magnetic force from the pole to the equator as the most im* 
portant result of my American voyage." Although not absolutelv cer- 
tain, it is very probable that Condorcet read Lamanon's letter of July, 
1787, at a meeting of the Paris Academy of Sciences; and such a sim- 
ple reading I regard as a sufficient act of publication. (Annvaire du 
Bureau dea Longttude8,lSi2, p. 463.) The first recognition of the law 
belongs, therefore, beyond all question, to the companion of La Percmse ; 
but, long disregarded or forgotten, the knowledge of the law that the 
intensity of the magnetic force of the Earth varied with the latitude, 
did not, I conceive, acquire an existence in science until the publican 
tion of my observationa from 1798 to 1804. The object and the length 
of this note will not be indifferent to those who are familiar with the 
recent history of magnetism, and the doubts that have been started iu 
connection with it, and who, from their own experience, are aware 
that we are apt to attach some value to that which has cost us the uu* 
interrupted labor of five years, under the pressure of a trc^ical climate, 
and of perilous mountain expeditions. 

* From the observations hitherto collected, it appears that the max-, 
imum of intensity for the whole surface of the Earth is 2*052, and the 
minimum 0.7 06i Both phenomena occur in the southern hemisphere; 
the former in 73^ 47' 8. lat., and 169^ 30' £. long, from Pari». neat 
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be expressed by 2062 (the unit still employed being the in* 
tensity which I discovered on the magnetic equator in North* 
ern Pern), Sabine found it was only 1*624 at the magnetio 
north pole near Melville Island (74*^ 27' north lat.), while it 
is 1*803 at New York, in the United States, which has al- 
most the same latitude as Naples. 

The brilliant discoveries of CBrsted, Arago, and Faraday 
have established a more intimate connection between the elec- 
tric tension of the atmosphere and the magnetic tension of our 
terrestrial globe. While CErsted has discovered that elec- 
tricity excites magnetism in the neighborhood of the conduct- 
ing body, Faraday's experiments have elicited electric currents 
from the liberated magnetism. Magnetism is one of the mani- 
fold forms under which electricity reveals itself. The ancient 
vague presentiment of the. identity of electric and magnetic 
attraction has been verified in our own times. " When elec- 
trum (amber)," says Pliny, in the spirit of the Ionic natural 
philosophy of Thales,* " is animated by friction and heat, it 
will attract bark and dry leaves precisely as the loadstone at- 
tracts iron." The same words may be found in the literature 
ef an Asiatic nation, and occur in a.eulogium on the load- 
stone by the Chinese physicist Kuopho.t I observed with as- 

Mount Crozier, west-northwest of the south magnetic pole, at a place 
where Captain James Ross found the inclination of the needle to-be 87^ 
11' (Sabine, CorUrilmtioni to TerrettricU MagneHsniy 1843, No. 5, p. 
231) ; the latter, observed by Erman, at 19^ 59' 8. lat., and 37^ 24' Vix 
long, from Paris, 320 miles eastward from the Brazilian coast of Espiritu 
Santo (Erman, Phys. Beob., 1841, s. 570^, at a point where the inclina- 
tion is only 7^ 55'. The actual ratio or the two intensities is therefore 
as 1 to 2-906. It was long believed that the greatest intensity of the 
ma^etic force was only two and a half times as gi'eat as the weakest 
exhibited on the Earth's surface. (Sabine, Report on Magnetic Im- 
tensity t p. 82.) 

* Of aSnber (succinum, glessum) Pliny, observes (xxxvii., 3), " Gen- 
era ejus plura. Attritu digitomm accepUt" caloris anima trabunt in se 
paleas ac folia arida qua levia sunt, ac ut magnes lapis ferri ramenta 
quoque." (Plato, in Tinueo, p. 80. Martin, Etude sur le Timie^ t. ii., 
p. 343-346. Strabo, xv., p. 703, Casaub. ; Clemens Alex., Strom., ii., 
p. 370, where, singularly enough, a difference is made between to 
covxtov and rd ^XcKvpoi/.) When Thales, in Aristot*, de Anima, 1, 2, 
and Hippias, in Diog. Laert., i., 24, describe the magnet and amber as 
posaessmg a soul, they refer only to a moving principle. 

t " The magnet attracts iron as amberdoes the sinallest grain of mus- 
tard seed. It is like a breath of wind which mysteriously penetrates 
through both, and communicates itself with the rapidity of an arrow." 
These are the words of Ku^pho, a Chinese panegyrist on the magnet, 
who wrote in the beginning of the fourth century. (Klaproth.Letrfv ^ 
M. A. de Humboldif tur P Invention de la BouuoU, 1834, p. 125.) 
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tonishment) on the woody banks of the Orinoco, in the sports 
of the natives, that the excitement of electricity by fricticm 
was known to these savage races, who occupy the very lowest 
place in the scale of humanity. Children may be seen to rub 
the dry, flat, and shining seeds or husks of a traihng plant 
(probably a Negretia) until they are able to attract threads 
of cotton and pieces of bamboo cane. That which thus de- 
lights the naked copper-colored Indian is calculated to awaken 
in our minds a deep and earnest impression. What a chasm 
divides the electric pastime of these savages from the discov- 
ery of a metallic conductor discharging its electric shocks, or a 
pile composed of many chemically-decomposing substances, or 
a light-engendering mia^etic apparatus ! In such a chasm 
lie buried thousands of years that compose the history of the 
intellectual development of mankind I 

The incessant change or oscillatory motion which we dis- 
cover in all magnetic phenomena, whether in those of the in- 
clination, declination, and intensity of these forces, according 
to the hours of^he day and the night, and the seasons and the 
course of the whole year, leads us to conjecture the existence 
of very various and partial systems of electric currents on the 
surface of the Earth. Are these currents, as in Seebeck's' ex- 
periments, thermo-magnetic, and excited directly from unequal 
distribution of heat ? or should we not rather regard them as 
induced by the position of the Sun and by solar heat ?* Have 
the rotation of the planets, and the diflerent degrees of velocity 
which the individual zones acquire, according to their respect- 
ive distances from the equator, any influence on the disttibu 
tion of magnetism ? Must we seek the seat of these currents, 
that is to say, of the disturbed electricity, in the atmosphere, 
in the regions of planetary space, or in the polarity of the Sun 
and Moon ? Gsiileo, in his celebrated Dialogo, was inclined 
to ascribe the parallel direction of the axis of the Earth to a 
magnetic point of attraction seated in universal space. 

If we represent to ourselves the interior of the Earth as 
fused and undergoing an enormous pressure, and at a degree 
of temperature the amount of which we are unable to assign, 

* " The phenomena of periodical variations depend manifestly on the 
action of solar heat, operating probably through \h.e medium of thermo- 
electric currents induced on the Earth's surface. Beyond this rude 
guess, however, nothing is as yet known of their physical cause. It is 
even still a matter of speculation whether the solar influence be a prin- 
cipal or only a subordinate cause in the phenomena of terrestrial mag- 
netism." (ObiervaHons to be made in the Aniaretic Expediiionf 1840, 
p. 35.) 
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we muBt renounce «11 idea of a magnetic nucleuB of the Earth. 
All magnetism is certainly not lost until we arrive at a white 
heat,*" and it is manifested when iron is at a dark red heat , 
however difierent, therefore, the modifications may be which 
are excited in substances in their molecular state, and in the 
coercive force depending upon that condition in experiments 
of this nature, there will still remain a confflderable thickness 
of the terrestrial stratum, which might be assumed to be the 
seat of magnetic currents. The old explanation of the horary 
variati(His of declination by the progressive warming of the 
^arth in the aj^rent revolution of the Sun from east to west 
must be limited to the uppermost surface, since thermometers 
sunk into the Earth, which are now being accurately observed 
at so many different places, show how slowly the solar heat 
penetrates even to the inconsiderable depth of a few feet. 
Moreover, the thermic condition of the sor&ce of water, by 
which two thirds of our planet is covered, is not favorable to 
such modes of explanation, when we have reference to an im* 
mediate action and not to an effect of induction in the aerial 
and aqueous investment, of our terrestrial globe. 

In the present condition of our knowledge, it is impossil^e 
to afibrd a satisfactcny reply to all questions regarding the nlti* 
mate physical causes of these phenomena. It is only with ref- 
erence to that which presents itself in the triple manifestations 
of the terrestrial force, as a measurable relation of space and 
time, -and as a stable^ element in the midst of change, that 
science has recently made such brilliant advances by the aid 
of the determinaticm of mean numerical values. From To- 
ronto in Upper Canada to the Cape of Good Hope and Van Die- 
men's Land, from Paris to Pekin, the Earth has been covered, 
fiitice 1828, with magnetic observatories,! in which, every regtt- 

• Barlow, in the Fkiioa. Trant, for 1822, Pt. i.,.p. 117 ; Sir David 
Brewster, Treatise on Magnetiam^ p. 129. Long before the times of . 
Gilbert and Hooke, it was taught in the Chinese work Ow-tkea-tsou 
that heat diminished the directive force of the. magnetic needle. (Kla- 
proth, hfittre a M' A.de Humboldt, tur VIrwention de la Banteole, p. 96.) 

t As the first demand for the establishment of these observatories (a 
net-work of stations, provided with similar instruments) proceeded 
from me, I did not dare to cherish the hope that I should live long 
enough to s^e the time when both hemispheres should be uniformly 
covered with magnetic houses under the associated activity of able 
physicists and astronomers. This has, however, been accomiiUshed, 
and chiefly through the liberal and continued support of the Russian and 
British governments. 

In the years 1806 and 1807, 1 and my friend and fellow4aborer, Herr 
Oltmauns, while at Berlin, observed the movements of the needle, enpe* 
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iar or inegolar manifestatioa of the terrestrial foxoe is detected 
by uninterrupted and nmultaneous observations. A vanation 

cially at the times of the solstices and equinoxes, from hoar to hoar, 
and often from half hour to half hour, for five or six days and nights 
uninterraptedly. I had penoaded myself that continuous and unintei^ 
rapted observations of several days and nights (observatio perpetua) 
were preferable to tlie single observations of many months. Tne ap- 
paratus, a Prouy^s nutgnetic telescope, suspended m a glass case by a 
thread devoid of toraioa, allowed angles of seven or eight seconds to be 
lead o£r on a finely-divided scale, placed at a proper distance, and 
lighted at night by lamps. Magnetic perturbations (storms), which oc- 
casionally recurred at the same hour on several successive nights, led 
me even then to desire extremely that similar apparatus should be used 

. to the east and west of 3«rlin, in order to distuignish general terre»> 
triid phenomena from those which are mere local disturbances, depend- 
ing on the ineauality of heat in different parts of the Earth, or on the 
cloudiness of the atmosphere. My departure to Fari^, and the Ions 
period of political distarDance that involved the whole of the west of 
Europe, prevented my wish from being then accompUshed. (Ersted's 
great disoorery (1820) of the intimate connection between electricity 
and magnetisra araiin excited a general interest (which had long flag- 
ged) in the periodical variations of the electro-magnetic tension of the 
Earth. Arago, who many years pceviously had commenced in the Ob- 
servatory at Paris, with a new and excellent declination instrument by 
Ctarabey, the longest uninterrupted series of horary observations which 
we possess in Europe, showed, by a comparison with simultaneous ob- 
servations of perturbation made at Kasan, what advantages might be 
obtained from corresponding^ measurements of declination. When I 
returned to Berlin, after an eighteen years' residence in France, I bad 
-a small magnetic hoose erected in the autumn of 1828, not vnly with 
the view of carrying on the work commenced in 1806, but more with 
the object that simultaneoas observations at hours previously determ- 
ined mieht be made at Berlin, Paris, and Freib^rg, at a depth of 35 
Ihthoms below the sarfiu». The sinuUtaneous occurrence ot the per* 
torbations, «id the parallelism of the movements for October and De- 
cember, 1829, were then graphically represented. (Pogg., Atuuden, 
bd. xix., s. 357, taf. i.->iii.) An expedition into Northern Asia, under- 
taken in 1829, by command of the Emperor of Bussia, soon ^ve me an 
opportunity of working out my plan on a larger scale. This plan was 
laid before a select committee of one of the Imperial Academies of 

^ Science, and#mder the protection of the Director of the Mining Depart- 
ment, Count von Oancrin, and the excellent superintendence of Pro- 
fessor KupfTer, magnetic stations were appointed' over the whole of 
Northern Asia, from Nicolajeff, in the line through Oatharinenburg, Bar- 
naul, and Nertschinsk, io Pekrn. 

The year 1832 (OatHn^er geUkrte Anteigmt st 206) ia distinguished 
as the ^eat epoch in which the profound author of a general theory of 
terrestrial magnetism, Friedrich Gauss, erected apparatus, constructed 
on a new principle, in the GGttingen Observatory. The ma^etic ob- 
servatory was finished in 1834, and in the same year Gauss distributed 
new instruments, with instructionB for their use, in which the celebrated 
physicist, Wilbelm Weber, took extreme interest, over a large portion 
of Germany and Sweden, and the whole of Italy. (Re»uUale der Beob, 
da MagnetUchen Verdns im Jahr 1338, s. 135^ and Poggeud., Annalen 



Digitized 



by Google 



102 COSMOS. « 

of ^^l^^th of the magnetic intensity is measured, and, at cei^ 
tain epochs, observations are made at intervals of 2f minutes, 
and ccmtinued for twenty-four hours consecutively. A great 
English astronomer and physicist has calculated* that the - 
mass of observations which are in progress will accumulate in 
the course of three years to 1,958,000. Never before has so 
noble and cheerful a spirit presided over the inquiry into the 
qiumtitative relations of the laws of the phenomena of nature. 
We are, therefore, justified in hoping that these laws, when 
compared with those which govern the atmosphere and the 
remoter regions of space, may, by degrees, lead us to a more 
intimate acquaintance with the genetic conditions of magnetic 
phenomena. As yet we can only boast of having opened a 
greater number of paths which may possibly lead to an ex- 
planation of this subject. In the physical science of terres- 

bd. xzxiii., s. 426.) In tine magnetic association that was now formed 
with 65ttingen for its center, simnltaneons observationB have been an- 
dertaken four times a year since 1836, and continued uninterruptedly 
for twenty-^ur hours. The periodfl, however, do not coincide with 
those of the equinoxes and solstices, which I had proposed and followed 
out in 183Q. Up to this period, Great Britain, in possession of the moat 
extensive commerce and the largest navy in the world, had taken no 
part in the movement which since 1328 bad begun to yield important 
results for the more fixed ^und-work of terrestrial magnetism. I had 
the good fortune, by a public appeal from Berlin, which I sent in April, 
1836, to the Duke of Sussex, at that time President of the Royal So- 
ciety (Lettre de M. de Humboldt k S.A.R. le Due de Sussex, sur lea 
moyens propres k perfectionner la connaissance du magn^tisme terrestre 
par I'^tablissement des atations magn^tiques et d'observations corre- 
spondantes), to excite a fiiendly interest in the undertaking which it 
nad so long been the chief object of my wish to carry out. In my let- 
ter to the Duke of Sussex 1 urged the establishment of permanent sta- 
tions in Canada, St. Helena, the Oape of Good Hope, the Isle of France, 
Ceylo9, and New Holland, which five years previously I had advanced 
as good positions. The Royal Society appointed a joint physical and 
meteorological committee, which not only proposed to the go^mment 
the establishment of fixed magnetic observatories in botl^ hemispheres, 
but also the equipment of a naval expedition for magnetic observations 
in the Antarctic Seas. It is needless to proclaim the obligations of 
science in this matter to the CTeat activitjr of Sir John Herschel, Sabine, 
Airy, and Lloyd, as well as the powerful support that was afibrded by 
the British Association for the Advancement of Science at their meet- 
ing held at Newcastle in 1838. In June, 1839, the Antarctic n^agnetic 
expedition, under the command of Captain James Clark Ross, was fiilly 
arrang^ ; and now, since its successful return, we reap the double 
fruits of highly important geographical discoveries around the south 
pole, and a series (» simultaneous observations at eight or ten magnetic 
stations. 

* See the article on Terrestrial MagnetUmy in the Quarterly JReview 
1840, vol. Ixvi,, p. 271-312. / 
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trial magaetum, which must not be oonfounded with tbo 
purely mathematical branch of the study, those personn only 
will obtain perfect satisfaction who, as in the science of the 
meteorological processes of the atmosphere, conveniently turn 
aside the practical bearing of all phenomena that can not be 
explained according to their own views. ^ 

Terrestrial magnetism, and the electro-dynamic £>rce8 com* 
puted by the intellectual Ampere,* stand in simultaneous and 
intimate connection with the terrestrial or polar Hght, as well 
as with the internal and external heat of our planet, whose 
nagnetic poles may be considered as the poles of cold.t The 
lold conjecture hazarded one himdred and twenty-eight years 
since by Halley,f that the Aurora Borealis was a magnetic 
phenomenon, has acquired empirical certainty from Faraday's 
brilliant discovery of the evolution of light by magnetic forces. 
The northern light is preceded by premonitory signs. Thus, 
in the morning before the occurrence of the phenomenon, the 
irregular horary course of the magnetic needle generally indi- 
cates a dis1;urbance of the equilibrium in the distribution of 

* Instead of aflcribing the internal heat of the Earth to the transition 
of matter from a vapor4ike fluid to a solid condition, which accom* 
panies the formation of the planets, Ampere has propounded the idea, 
which I regard as highly improbable, that the Sarth's temperature may 
be the consequence of the continuous chemical action of a nucleus of 
the metals of the earths and alkalies on the ozydizing external crust. 
** It can not be doubted," he observe in his masterly Th^orie des PMno* 
mines Eleetro-dynami^iues, 1826, p. 199, "that electro-magnetic cur- 
rents exist in the intenor of the globe, and that these currents are the 
cause of its temperature. They arise from the action of a central me- 
tallic nucleus, composed of the metals discovered by Sir Humphrey 
Davy, acting on the surrounding oxydized layer." 

t The remarkable connection between the curvature of the magnetic 
lines and that of my isothermal lines was first detected by Sir David 
Brewster. See the TrantaeUons of the Royal Society o/Edinburghf vol. 
ix., 1821, p. 318, and TrecUue on Magnetienif 1837, p. 42, 44, 47, and 
268. This distinguished physiciit admits two cold poles (poles of maxi- 
mum cold) in the northern hemisphere, an American one near Gape 
Walker (73^ lat., 100^ W. long.), and an Asiatic one (73? lat., S(P E. 
long.) ; whffuce arise, according to him, two hot and two cold merid- 
ians, i. e., meridians of greatest neat and cojd. Eren in the sixteenth 
century, Acosta {Hittoria Natural de his Indias, 1589, lib. i., cap. 17), 
grounding his opinion on the observations of a very experienced Portu- 
guese pilot, taught that there were four lines without declination. It 
would seem from the controversy of Henir Bond (the author of The 
Lon^udeFoundf 1676) with Beckborrow, uat this view in some meas- 
ure influenced Haliey in his theory of four ma^etic poles. See my 
Examen Critique de VHisl. de la Oiographie, U in., p. 60. 

t HaUey, in the Philosophical TransacHoj^Sf vol. xxix. (for 1714-1716 1, 
No. 341. 
Vol. I.— J 
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terrestrial magnetism * When this distarbauce attains^ great 
degree of intensity, the equilibrium of the distribution is re- 
stored by a discharge attended by a development of light 
* The Aurorat itself is^ therefore, not to be regarded as an ex 
terually manifested cause of this disturbance, but rather as a 
regult of telluric activity, manifested on the one side by the 
appearance of the light, and on the other by the vibrations of 
the magnetic needle." The splendid appearance of colored 
polar light is the act of discharge, the termination of a mag 
netic storm, as in an electrical storm a development of light — 
the flash of lightning — vindicates the restoration of the disturb- 
ed equilibrium in the distribution of the electricity. An elec- 
tric storm is generally confined to a small space, beyond the 
limits of which the condition of the atmospheric electricity 
remains unchanged. A magnetic storm, on the other hand, 
] ■ 

* [The Aurora Borealis of October 24th, 1847, which was one of the 
most brilliant ever known in this country, was preceded by great mag- 
netic disturbance. On the 22d of October the maximum m the west 
declination was 23° 10' ; on the 23d the position of the magnet was 
continually changing, and the extreme west dechnationB werebetween 
22° 44'and 23<^ 37' ; on the night between the 23d and 24th of October, 
the changes of position were very large and very frequent, the magnet 
at times moving across the field So rapidly that a difficnlty was ep^peri- 
enced in following it. During the day of the 24th of October there was 
a constant change of position, but after midnight, when the Aurora be- 
giin perceptibly to decline in brightness, the disturbance entirely ceased. 
The chiiuges of position of the horizontal-force magnet were as large and 
as frequent as those of the declination magnet, but the vertical-force 
mngnet was at no time so much afiected as the other two instnimeutH. 
See On the Aurora Borealis, aa it was seen on Sunday evening, October 
24#A, 1847, at Blackheath, by James Glaisher, Esq., of the Royal Observa- 
tory, Greenwich, in the London, Edinburgh, and Dublin Philos. Mag. 
and Journal of Science for Nov., 1847. See further, An Account of the 
Aurora. Borealis of October the 2ilh, 1847, by John H. Morgan, Esq. 
We must not omit to mention that magnetic disturbance is now regis- 
tered by a photographic process : the self-registering photographic ap- 
paratus used for this purpose in the Observatory at Greenwich was de- 
signed by Mr. Brooke, and another ingenious instrument of this kind 
has been invented by Mr. F. Bonalds, of the Richmond Observatory.] — 
Tr, I -^ 

t Dove, in Poggend., Annalen, bd. xx., s. 341 ; bd. xix., s. 388, 
-.♦' The declination needle acts in veiy nearly the samevi'ay as an atmos- 
pheric electrometer, whose divergence in like manner shows the in- 
creased tension of the electricity before this has become so great as to 
yield a spark. " See, also, the excellent observations of Professor Kamtz, 
ni his Lehrbuch der Meteorologie, bd. iii., s. .511-519, and Sir Dav''J 
Brewster, in his Treatise on Magnetism, p. 280. Regarding the nut >- 
faetic properties of the galvanic flame, or luminous arch from a Bun- 
sen's carbon and zinc battery, see Casselmann's Beobachtungen (Mat^ 
bnr{?, 1844), s. 56-fi2. 
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shows its influence on the course of the needle over large por- 
tions of continents, and, as Arago first discovered, far from 
the spot where the evolution of light was visible. It is not 
improbable that, as heavily-charged threatening clouds, owing 
to frequent transitions of the atmospheric electricity to an op 
posite condition, are not always discharged, accompanied b} 
lightning, so likewise magnetic storms may occasion far-ex 
tending disturbances in the horary course of the needle, with 
out there being any positive necessity that the equilibrium of 
the distribution should be restored by explosion, or by the 
passage of luminous effusions from one of the poles to the 
equator, or from pole to pole. 

In collecting all the individual features of the phenomenon 
in one general picture, we must not omit to describe the origin 
and course of a perfectly developed Aurora Borealis. Low 
down in the distant horizon, about the part of the heavens 
which is intersected by the magnetic meridian, the sky which 
was previously clear is at once overcast. A dense wall or 
bank of cloud seems to rise gradually higher and higher, until 
it attains an elevation of 8 or 10 degrees. The color of the 
dark segment passes into brown or violet ; and stars are visi- 
ble through the cloudy stratum, as when a dense smoke dark- 
ens the sky. A broad, bnghtly-luminoUs arch, first white, 
then yellow, encircles the dark segment ; but as the brilliant 
arch appears subsequently to the smoky gray segment, we can 
not agree wfth Argelander in ascribing the latter to the effect 
of mere contrast with the bright luminous margin,* The 
highest point of the arch of light is, according to accurate ob- 
servations made oh this Bubject,t not generally in the magnet- 
ic meridian itself, but from 5° to 18® toward the direction of 
the magnetic declination of the placet In northern latitudes, 

* Argelander, in the important obBervations on the northern light 
embodied in the Vortrdgen rehdUen in der pkyHkalisck-dkonomischen 
OtueUachaft zu Konwaberg, bd. i.» 1834, b; 257*264. 

t f*or an account of the results of the observatipns of Lottin, Bravais, 
and Si^erstrOm, who spent a winter at Bosekop, on the coast of Lap 
land (70° N. lat.), and m 210 nights saw the nordiem lights 160 times, 
see the Compter Rendut de VAead. dea Seieneeif t. x., p. 289, and Mar* 
tins*s Mitiorologict 1843, p. 453. See, also, Argelander, in the Vorirth 
gen geh. in der Koni^sberg Oeteettsehuftf bd. i., s«.259. 

X [Professor Challis, ofCambridge,' states that in the Aurora of Oc- 
tober 24th, 1847, the streamers all converged toward a single point of 
the heavens, situated in or very near a vertical circle passing through 
the magnetic pole. Around this point a corona was formed, the rays 
of which diverged in all directions from the center, leaving a space free 
from light: its azimuth was IdP 41' from south to east, and ita altitude 
fiflo 54'. See Professor Challis, in the Athenaum, Oct. 31, 1847.]— T*- 
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in the immedia,te vicinity of the magnetic pole, the smoke-lika 
conical segment appears less dark, and sometimes is not even 
seen. Where the horizontal force is the weakest, the middle 
of the luminous arch deviates the most from the magnetic 
meridian. 

The luminous arch remains sometimes for hours together 
flashing and kindling in ever- varying undulations, hefore rays 
and streamers emanate firom it, ai^d shoot up to the zenith. 
The more intense the discharges of the northern light, the 
more bright is the play of colors, .through all the varying gra- 
dations from violet and bluish white to green and crimson. 
Even in ordinary electricity excited by Miction, the sparks are 
only colored in cases where the explosion is very violent after 
great tension. The magnetic columns of flame rise either 
singly from the luminous arch, blended with black rays simi- 
lar to thick smoke, or simultaneously in many opposite points 
of the horizon, uniting together to form a flickering sea of 
flame, whose brilliant beauty admits of no tulequate descrip- 
tiour as the luminous waves are every moment assuming new 
and varying forms. The intensity of this light is at times so 
great, that Lowenom (on the 29th of June, 1786) recognized 
the. coruscation of the polar light in bright sunshine. Motion 
renders the phenomenon more visible. Kound the point in 
the vault of heaven which corresponds to the direction of the 
inclination of the needle, the beams unite together to form the 
so-called corona, the crown of the northern light, which en- 
circles the summit of the heavenly canopy with a milder ra- 
diance and unflickering emanations of light. It is only in 
rare instances that a perfect crown or circle is formed, but on 
its completion the phenomenon has invariably reached its 
maximum, and the radiations become less fre<|uent, shorter, 
and more colorless. The crown and the luminous arches 
break up, and the whole vault of heaven becomes covered 
with irregularly-seattered, broad, fiaint, almost ashy-gray lu* 
minous immovable patches, which in their turn diMippear, 
leaving nothing but a trace of the dark, smoke-like segment 
on the horizon. There oflen remains nothing of the whole 
ipectacle but a white, delicate cloud with feathery edges, or 
divided at equal distances into small roundish groups like oir^ 
fo-cumuli. * 

This connection of the polar light with the most delicate 
liriou^ clouds deserves special attention, because it shows that 
\e electro-magnetic evolution of light is a part of a meteoro- 
0..^- 'c^ process. Terrestrial magnetism here manifests its in- 
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fluence on the atmosphere and on the condensation of aqueous 
vapor. The fleecy clouds seen in Iceland hy Thienemann, 
and which he considered to he the northern light, have been 
seen in recent times by Franklin and Richardson nea^ the 
American north pole, and by Admiral Wrangel on the Sibe- 
rian coast of the Polar Sea. All remarked " that the Aurora 
flashed forth in the most vivid beams when masses of cirrous 
strata were hovering in the upper regions of the air,.and when 
these were so thin that their presence could only be recognized 
by the formation of a halo round the moon." These clouds 
sometimes range themsdves, even by day, in a similar manner 
to the beams of the Aurora, and liien disturb the course of 
the magnetic needle in the same manner as the latter. On 
the morning after every distinct nocturnal Aurora, the same 
superimposed strata of clouds have still been observed that 
had previously been liuninous.* The apparently converging 
polar zones (streaks of clouds in the direction of the magnetic 
meridian), which constantly occupied my attention during my 
Journeys on the elevated plateaux of Mexico and in Northern 
Asia, belong probably to the same group of diurnal phenom- 
ena, f 

* John Franklin, Narraiive of a Joumev to the Shores of the Polar 
8ea, in the Years 1819-185^, p. 552 and 597 ; Thienemann, in the 
Edinburgh PhilosopkiccU Journal, vol. zx., p. 336 ; Farqnharson, in vol. 
vi.,..p. 392, of the«aixie joorual; Wrangel, Phys, Beob., s. 59. Fatry 
even saw the great arch of the northern light continue throughout the 
day. {Journal of a Second Voyage, performed in 1821*1823, p. 156.) 
Something of the same nature was seen in England on the 9th of Sep- 
tember, 1827. A luminous arch, 2(F high, with columns proceeding 
from it, was seen at noon in a part of the sky that had been clear after 
rain. {Journal of the Royal Instituiion of Cheat Britain, 1828, Jan., 
p. 429.) 

^ t Oq my return from my American travels, I described the delicate 
cirro-cumulus cloud, which appears uniformly divided, as if by the 
action of repulsive forces, under the name of polar bands {bandes po- 
laires), because their perspective point of convergence is mostly at first 
in the magnetic ^le, so that the paraUel rows of fleecy clouds follow 
the magnetic mendian. One peculiarity of this mysterious phenomenoii 
i» the oscillation, or occasionally the gradually progressive motion, of 
the point of convergence. It is usually observed that the bauds arc 
only fully developed in one region of the heavens, and they are seen 
to move first from south to nortn, and then mdually from east to west. 
I could not trace any connection between the advancing motion of the 
bands and alterations of the currents of air in the higher regions of the 
atmosphere. They occur when the |ir is extremely calm and the 
heavens are quite serene, and are much more common under the 
tropics than in the temperate and frigid zones. I have seen this phe- 
nomenon on the Andes, almost under the equator, at an elevation of 
15.920 feet, and in Northern Asia, in the plains of Krasnujarski, south 
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Southern lights have often been seen in England by the in- 
telligent and indefatigable observer Dalton, and northern lights 
have been observed in the southern hemisphere as far as 45^ 
latitude (as on the 14th of January, 1831). On occasions 
that are by no means of rare occurrence, the equilibrium at 
both poles has been simultaneously disturbed. I have discov- 
ered with certainty that northern polar lights have been seen 
ivithin the tropics in Mexico and Peru. We must distinguish 
between the sphere of simultaneous visibility of the phenom- 
enon and the zones of the Earth where it Is seen almost night- 
ly. Every 'observer no doubt sees a separate Aurora of his 
own, as he sees a separate rainbow. A great portion of the 
Earth simultaneously engenders these phenomena of emana- 
tions of light. Many nights may be instanced in which the 
phenomenon has been simultaneously observed in England 
and in Pennsylvania, in Kome and in Pekin. When it is 
stated that Auroras diminish with the decrease of latitude, 
the latitude must be understood to be magnetic, and as meas- 
ured by its distance from the magnetic pole. In Iceland, in 
Greenland, Newfoundland, on the shores of the Slave Lakcr* 
and at Fort Enterprise in Northern Canada, these lights ap- 
pear almost every night at certain seasons of the year, cele- 
brating with their flashing beams, according to the mode, of 
expressioi;! common to the inhabitai^ts of the Shetland Isles, 
" a merry dance in heaven."* While the Aurora is a phe- 
nomenon of rare occurrence in Italy, it is frequently seen in 
the latitude of Philadelphia (39° 57'), owing to the southern 
position of the American magnetic pole. In the districts 
which are remarkable, in the New Continent and the Sibe- 
rian coasts, for the frequent occurrence of this phenomenon, 
there are special regions or zones of longitude in which the 
polar light is particularly bright and briUiant^f The exist- 

of Buchtarminsk, so similarly developed, that we flunst regard the in 
fluences producing it as very widely distribated^and as depending on 
general natural forces. See the important observations of ^mtz ( Vor* 
letun^en liber Meteorologies 1840, s. 146), and the^more recent ones of 
Martms and Bravais {Mitiorologie, 1843, p. 1 17 ). In south polar bands, 
composed of very delicate clouds, observed by Aragb at Paris on the 
23d of June, 1844, dark rays shot upward from an arch miming east 
and west. We have already made mention of black rays, resembling 
dark smoke, as occurring in brilliant nocturnal northern lights. 

* The northern lights are cdled by the Shedand Islanders ''the 
merry dancers.'' (Kendal, in me Quarterly Journal of Science; new 
wries, vol. iv., p. 395.) 

t See Muncke's excellent work in the new edition of Gehler's Physik • 
Worterbucht bd. vii., i., s. 1 13-268, and especially s. 158. 
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ence of local influences can not, therefore, be denied in these 
cases. Wrangel saw the brilliancy diminish as he left the 
shores of the Polar Sea, about Nischne-Kolymsk. The ob- 
servations made in the North Polar expedition appear to prove 
that in the immediate vicinity of the magnetic pole the de- 
velopment of light is not in the least degree more intense or 
frequent than at some distance from it. 

The knowledge which we at present possess of the altitude 
of the polar light is based on m^surements which, from their 
nature, the constant oscillation of the phenomenon of light, 
and the consequent uncertainty of the angle of parallax, are 
not deserving of much confidence. The results obtained, set- 
ting aside the older data, fluctuate between several miles and 
an elevation of 3000 or 4000 feet ; and, in all probability, 
the northern lights at diflerent times occur at very different 
elevations.* The most recent observers are disposed to place 
the phenomenon in the region of clouds, and not on the con- 
fines of the atmosphere ; and they even believe that the rays 
of the Aurora may be affected by winds and currents of air, if 
the phenomenon of light, by which alone the existence of an 
electro-magnetic current is appreciable, be actually connected 
with material groups of vesicles of vapor in motion, or, more 
correctly speaking, if light penetrate them, parsing from one 
vesicle to another. Franklin saw near Great Beat Lake a 
beaming northern light, the lower side of which he thought 
illuminated a stratum of clouds, while, at a distance of only 
eighteen geographical miles, Kendal, who was on watch 
throughout the whole night, and never lost sight of the sky, 
jperceived no phenomenon of light. The assertion, so fre- 
quently maintained of late, that the rays of the Aurora have 
been seen to shoot down to the ground between the spectator 
and some neighboring hill, is open to the charge of optical 
delusion, as in the cases of strokes of lightning or of the fall 
of fire-balls. 

Whether the magnetic storms, whose local character we 
have illustrated by such remarkable examples, share noise as 
well as light in common with electric storms, is a question 

* Farqufaarson in the Edinburgh Philos. Journal^ vol. xvi., p. 304 ; 
PKUm. Transact, for 1829, p. 113. 

[The heignt of the bow of light of the Aurora Been at the Cambridge 
Observatory, March 19, 1847, was determined by Professors Challis, of 
Cambridge, and Chevallier, of Darham, to be 177 miles above the sur- 
fece of the Earth. See the notice of this meteor in An Account of the 
Aurora Borealis of Oct, 24, 1847, by John H, Morgan, Esq., 1848."|— 
Tr. 
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that has become difficult to angwer, since implicit confidence 
18 no longer yielded to the relations of Greenland whale-fish- 
ers and Iberian fox-hunters. Northern lights appear to have 
become less noisy since their occurrences have been more ac- 
curately recorded. Parry, Franklin, and Richardson, near 
the north polo ; Thienemann in Iceland ; Gieseke in Green- 
land ; Lotun and Bravais, near the North Cape ; Wrangel 
and Anjcni, on the coast of the Polar Sea, have together seen 
the Aurora thousands of times, but never heard any sound 
attending the phenomenon. If this negative testimony should 
not be deemed equivalent to the positive counter-evidence of 
Hearne on the mouth of the Copper River and of Henderson 
in Iceland, it must be remembered that, although Hood heard 
a noise as of quickly-moved musket-balls and a slight crack- 
ing sound during an Aurora, he also noticed the same noise 
on the following day, when there was no northern light to be 
seen ; and it must not be forgotten thart Wrangel and Gieseke 
were folly convinced that the sound they had heard was to 
be ascribed to the contraction of the ice and the crust of the 
snow on the sudden cooling of the atmosphere. The"" belief 
in a crackling sound has arisen, not among the people gener- 
allyr but rather among learned travelers, because in earher 
times the northern light was declared to be an efiect of atmos- 
pheric electricity, on account of the luminous manifestation 
of the electricity in rarefied space, and the observers found it 
easy to hear what they wished to hear. Recent experiments 
with very sensitive electrometers have hitherto, contrary to 
the expectation generally entertained, yielded only negative 
results. The condition of the electricity in the atmosphere* 

* [Mr. James Glaisher, of the Royal Observatory, Greeiiwicb, in hit 
iuterestiDg Remarks on the Weather during the Quarter ending Decem- 
ber Zletj 1847, says, ^ It is a fact well worthy of notice, that from the 
beginning of this quarter till the 20th of December, the electricity of 
the atmosphere was almost always in a neutral stat^, so that no signs of 
electricity were shown for several days together by any of the electric- 
al instruments.'' During this period there were ^ght exhibitions of 
the Aurora Borealis, of which one was the peculiarly bright display of 
the meteor on the 24th of October. These frequent exhibitions of brill- 
iant Auroras ^eem to depend upon many remarkable meteorological re- 
lations, for we find, according to Mr. Glaisher's statement in the paper 
to which we have already alluded, that the previous fifty years afford 
nc pai-allel season to the closing one of X847. The mean temperature 
of evaporation and of the dew point, the mean elastic force of vapor, 
the mean reading of the barometer, and the mean daily range of the 
readings of the thermometers in air, were all greater at Qreenwicb 
during that season of 1847 than the average range of many preceding 
years. J— Tr. 
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ig not found to be changed diuiiig the most intense Aurora ; 
but, on the other hand, the three expressions of the power of 
terrestrial magnetism, declination, inclination, and intensity, 
are all afiected by polar light, so that in the same night, and 
at di&rent periods of the magnetic developm^at, the same 
end of the needle is both attracted and repelled. The asser 
tion made by Parry, on the strength of the data yielded by 
his observations in the neighborhood oi the magnetic pole at 
Melville Ldi&d, that the Aurora did not disturb, but rather 
exercised a calming influence on the magnetic needle, has been 
satisfactorily refuted by Parry's own more exact researches,* 
detailed in his journal, and by the admirable observations of 
Richardson, Hood, and Franklin in Northern Canada, and 
lastly by Bnivais and Lottin in Lapland. The process of the 
.Aurora is, as has already been observed, the restoration of a 
disturbed condition of equilibrium. The efiect on the needle 
is diflerent according to the degree of intensity of the explo- 
sion. It was only unappreciable at the gloomy winter station 
of Bosekop when the phenomenon of light was very faint and 
low in the horizon. The shooting cylinders of rays have been 
aptly compared to the flame which rises in the closed circuit 
of a voltaic pile between two points of carbon at a considera- 
ble distance apart, or, according to Fizeau, to the ilame rising 
between a silver and a carbon point, and attracted or repelled 
by the magnet. This analogy certainly sets aside the neces- 
sity of assuming the existence of metallic vapors in the atmos- 
phere, which some celebrated physicists have regarded as the 
substratum of the northern light. 

When we apply the indefinite term polar light to the lumin- 
ous phenomenon which we ascribe to a galvanic current, that 
is to say, to the motion of electricity in a closed circuit, w« 
merely indicate the local direction in which the evolution of 
light is most frequently, although by no means invariably, 
seen. This phenomenon derives the greater part of its im- 
portance from the fact that the Earth becomes self-luminous, 
and that as a planet, besides the light which it receives from 
tiie central body, the Sun, it shows itself capable in itself of 
developing light. The intensity of the terrestrial light, or, 
rather, the luminosity which is diflused, exceeds, in cases of 
the brightest colored radiation toward the zenith, the light 
of the Moon in its first quarter. Occasionally, as on the 7th 
of January, 1831, printed characters could be read without 
difficulty. This almost uninterrupted development of light 
* K&mtz, Lehrhueh der Meteorologie, bd. iii., s. 498 and 501. 
I 2 
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in the Earth leads us by analogy to the remarkable process 
exhibited in Venus. The portion of this planet which is not 
illumined by the Sun often shines with a phosphorescent light 
of its own. It is not improbable that the Moon, Jupiter, and 
the comets shine with an independent light, besides the re- 
flected sdar light visible through the polariscope. Without 
speaking of the problematical but yet ordinary mode in which 
the sky is illuminated, when a low cloud may be. seen to shine 
with an uninterrupted flickering light for many minutes to- 
gether, we still meet with other instances of terrestrial develop- 
ment of light in our atmosphere. In this category we may 
reckon the celebrated luminous mists seen in 1783 and 1831 ; 
the steady luminous appearance exhibited without any flick- 
ering in great clouds observed by Rozier and Beccaria ; and 
lastly, as Arago* well remarks, the faint diflused light which 
guides the steps of the traveler in cloudy, starless, and moon- 
less nights in autuom and winter, even when there fs no snow 
on the ground. As in polar light or the electro-magnetic 
storm, a current of brilliant and often dolored light streams 
through the atmosphere iii high latitudes, so also in the torrid 
zones between the tropics, the ocean simultaneously develops 
light over a space of many thousand square miles. Here the 
magical eflect of light is owing to the forces of organic nature.' 
Foaming with light, the eddying waves flash in phosphores- 
cent sparks over the wide expanse of waters, where every scin- 
tillation is the vital manifestation of an invisible animal world. 
So varied are the sources of terrestrial light ! Must we still 
suppose this light to be latent, and combined in vapors, in 
order to explain Mo^s images produced at a distance — a 
discovery in which reality has hitherto manifested itself like 
a mere phantom of the imagination. 

As the internal heat of our planet is connected on the one 
hand with the generation of electro-magneti<^xsurrehts and 
the process of terrestrial light (a consequence of the magnetic 
storm), it, on the other hand, discloses to us the chief source 
of geognostic phenomena. We shall consider these in their 
connection with and their transition from merely dynamic dis- 
turbances, from the elevation of whole continents and mount- 
ain chains to the development and eflusion of gaseous and 

* Arago, on the dry fogs of 1783 and 1831, which illaminated the 
night, in the Annuairedu Bureau des LongUudet, 1832, p. 246 and 250; 
and, regarding extraordinary lamiuous appearances in clouds withoat 
storms, see Notices tur la Tonnerre, in the Annuaire pour Van. 1838. 
p. 279r«85. 
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liquid fluids, of hot mud, and of those heated and molten 
earths which hecome solidified into crystdline mineral masses. 
Modern geognosy, the mineral portion of terrestrial physics, 
has made no slight advance in having investigated this con 
nection of phenomena. This -investigation has led us away 
from the delusive hypothesis, by which it was customary for- 
merly to endeavor to explain^ individually, every expression of 
force in the terrestrial globe : it shows us the connection of 
the occurrence of heterogeneous substances with that which 
only appertains to changes in space (disturbances or eleva- 
tions), and groups together phenomena which, at first sight 
appeared most heterogeneous, as thermal springs, efibsion of 
carbonic acid and sulphurous vapor, innocuous salses (mud 
eruptions), and the dreadfiil devastations of volcanic mount- 
ains.* In a general view of nature, all these phenomena are 
fused together in one sole idea of the reaction of the interior 
of a planet on its external surface. We thus recognize in the 
depths of the earth, and in the increase of temperature with 
the increase of depth from the surface, not only the germ of' 
disturbing movements, but also of the gradual elevation of 
whole continents (as mountain chains on long fissures), of vol- 
canic eruptions, and of the manifold production of mountains 
and mineral masses. The influence of this reaction of the 
tuterior on the exterior is not, however, hmited to inorganic 
nature- alone. It is highly probable that, in an earlier world, 
more powerful emanations of carbonic acid gas, blended with 
the atmosphere, must have increased the assimilation of car- 
bon, in vegetables, and that; an inexhaustible supply of com- 
bustible matter (lignites and carboniferous formations) must 
have been 'thus buried in the upper strata of the earth by the 
revolutions attending the destruction of vast tracts of forest. 
We likewise perceive that the destiny of mankind is in part 
dependent on the formation of the external surface'of the-earth, 
the direction of mountain tracts and high lands, and on the 
distribution of elevated continents. It is thus granted to the 
inquiring mind to pass from link to link along the chain of 
phenomena until it reaches the period when, in the solidifying 
process of our planet, and in its first transition from the gas- 
eous form to the agglomeration of matter, that portion of the 
inner heat of the Earth was developed, which does not belong 
to the action of the Sun. 

• [See Mantell's Wondera.of Geology, 1848, vol. i., p. 34, 36, 105; 
also LyelPs Principles' of Geotoffyt vol. li., and Daabeney On VoleanosM, 
2d ed., 1848, Part ii., rh. xxxii., xxxiii.]— Tr. 
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In order to gi^e a general delineation of the carnal oon* 
nection of geognostical phenomena, we will begin with thorn 
whose chief characteristic is dynamic, consisling in motion 
and in change in space. Earthquakes manifest themselves 
by qnick and successive vertical, or horisEontal, or rotatory vi- 
brations.* In the very considerable number of earthquakes 
which I have experienced in both hemispheres, alike on land 
and at sea, the two first-named kinds of motion have often ap- 
peared to me to occur simultaneously. The mine-like explo- 
sion-^'tfae vertical action from below upward — was most strik* 
ingly manifested in the overthrow of the town of Riobamba 
in 1797, when the bodies of many of the inhabitants were 
found to have been hurled to Cullca, a hill several hundred 
feet in height, and on the opposite side of the River Lican. 
The propagation is .most generally efiected by undulations in 
a linear direction,! with a velocity of £rom twenty to twenty- 
eight miles in a minute, but partly in cireles of commotion or 
large ellipses, in whidi the vibrations are propagated with 
decreasing intennty firom a centar toward the dreumfevence. 
There are districts exposed to the action of two inteneotmg 
circles of commotion. In Northern Asia, where the Father 
of History, t and subsequently Theophylactus Simocatta,^ de- 
scribed the districts of Scythia as free irom earthquakes, I 
have observed the metalliferous portion of the Altai Mount- 
ains under the influence of a two-fold fecus of Commotion, the 
Lake of Baikal, and the volcano of the Celestial Mountain 
(Thiansohan).li When the circles of commotion intersect one 
another — ^whe^n, for instance, an elevated plain lies between 
two volcanoes simultaneously in a state of eruption, several 
wave-systems may exist together, as in fluids, and not mu- 
tually disturb one another. We may erea, suppose interfer- 
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[See Danbeney On Volcanoe*^ 2d ed., 1848, p. 509.]— Tr. 
[On the linear direction of earthquakes, see Daubeney On Volea- 
noet, p. 515.J— 2V. 

t Herod, iv., 28. The prostration of the colossal statacrof Memnon, 
which has been again restored (Letronne, La Statue Vocale de Memnon, 
1835, p. 25, 96), presents a fiict in opposition to the ancient prejudice 
that Egypt is firee frou) earthquakes (Pliny, ii.,-80); but the valley of. 
the Nile does lie external to the circle of commotion of Byzantium, the 
Archipelago, and Syria (Ideler ad Artstot., Meteor., p. 584). 

$ Saint-Martin, in the learned notes to Lebeau, Hitt. du Ba$ Empire, 
U ix., p. 401. 

H Humboldt, AsieOeiUrale, t. ii., p. 110*118. In regard to the dif- 
ference between agitation of the sorfiice and of the strata lying beneath 
it, tee GrayvLtissac, in the 4nnaie» de Chimin et de PhyHquet t. xxii., p 
499. 
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ence to es^ei here, as in the intersecting waves of sound. The 
extent of the propagated waves of commotion will he increased 
on the upper sur&jce of the earth, according to the general law 
of mechanicEs hy which, on the transmisfiion of motion in elas- 
tic bodies, the stratum lying firee on the one side endeavors to 
separate itself froiu the other strata. 

Waves of commotion have been investigated by means of 
the pendulum and the seisniometer* with tolerable accuracy in 
respect to their direction and total intensity, but by no means 
wiUi reference to the internal nature of their alternations and 
their periodic intumescence. In the city of Quito, which lies 
at the foot of a still active volcano (the Rucu Pichincha), 
and at an elevation of 9540 feet above the level of the sea, 
which has beautiful cupolas, high vaulted churches, and mass- 
ive edifices of several stories, I have often been astonished 
that the violence of the nocturnal earthquakes so seldom 
causes fissures in the walls, while in the Peruvian plains os- 
cillations appisirently much less intense injure low reed cot- 
tages. The natjves, who have experienced many hundred 
earthquakes, believe that the difierence depends less upon the 
length or shortness of the waves, and the slowness or rapidity 
of the horizontal vibrations,t than on the uniformity of the 
motion in opposite directions. The circling rotatory commo- 
tions are the most uncommon, but, at the same time, the most 
dangerous. Walls were observed to be twisted, but not thrown 
down ; rows of trees turned from their previous parallel direc- 

* [This iufitniwnt, in its simplest form, consist mei«ly of a, basin 
filled with, some viscid liquid, which, on the occurrence of a shock of 
an earthquake of sufficient force to disturb the equilibrium of the 
building in which it is placed, is tilted on one side, and the liquid made 
to rise in the same direction, thus showing by its height the degree of 
the disturbance. Professor J. Forbes has invented an instrument of 
this nature, although on a greatly improved plan. It consists of a vert* 
ical metal rod, havmg a b^ of lead movable upon it It is supported 
upon a cylindric€tl steel wire, which may be compressed at pleasure by 

- means of a screw. A lateral movement, such as that of an earthquake, 
which carries forward the base of the instrument, can only act upon the 
ball through the medium of the elasticity of the wire, and the dii'ection 
of the displacement will be indicated by the plane of vibration of the 

* pendulum. A self-registering apparatus is attached to the machine. 
Bee Professor J. Forbes^s account of his invention in Eefinb, Phil, Trans*, 
vol. XV., Part i.]— Tr. 

t ** Tutissimum est cum vibrat crispante aedificiorumcrepitu ; et cum 
intumescit assurgens alternoque motu re^det, innoxium et cum concur* 
rentia tecta contrario ictu arietant; quoniam alter motos alterirenititur. 
Undantis inclinatio et fluctos more queedam volutatio infesta est, aut cum 
in unam partem totus se motns impellit."— ^Plin., iu, 83. 
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tion ; and fields covered with different kinds of plants found 
to be displaced in the great earthquake of Riobamba, in the 
province of Quito, on the 4th of February, 1797, and in that 
of Calabria, between the 5th of February and the 28th of 
March, 1783 The phenomenon of the inversion or displace* 
ment of fields and pieces of land, by which one is made to oc- 
' cupy the place of another, is connected with a translatory mo- 
tion or penetration of separate tejrestrial strata. When I 
made the plan of the ruined town of Riobamba, one particu- 
lar spot was pointed out to me, where all the furniture of one 
house had been (bund under the ruins of another. The loose 
earth had evidently moved like a fluid in currents, which must 
be assumed to have been directed first downward, then hori- 
zontally, and lastly upward. It was found necessary to ap- 
peal to the Audienda, or Council of Justice, ta decide upon 
the contentions that arose regarding the proprietorship of ob- 
jects that had been removed to a distance of many hundred' 
toises. 

In countries where earthquakes are compzyrativ^ly of much 
less frequent occurrence (as, for instance, in Southern Europe), 
a very general belief prevails, although unsupported by the 
authority of inductive reasoning,* that a calm, an oppressive 

* Even in Italy they have begun to bbserve that earthquakes are un- 
connected with the state of the weather, that is to say, with the appear- 
ance of the heavens imm'ediatdly before the shock. The numerical re- 
sulte of Friedrich Hoffmann {Hinterlassene Werke, bd. ii., 366-375) jsx- 
actly correspond with the experience of the Abbate Seina of Palermo. 
I have myself several times observed reddish clouds on the day of an 
earthquake, and shortly before it; on the 4th of November, 1799, 1 ex- 
perienced two sharp shocks at the moment of a loud clap of thunder. 
{Relat. Hisi., liv. iv., chap. 10.) The Turin physicist, Vassalli Eaudi, 
observed Volta's electrometer to be strongly agitated during the pro- 
tracted earthquake of Pignerol, which lasted from the 2d of April to 
the 17th of May, 1808; Journal de Physique, t. Ixvii., p. 291. But 
these indications presented by clouds, by modifications of atmospheric 
electricity, or by calms, can not be regarded as generally or necesaarily 
connected with earthquakes, since in Quito, Peru, and Chili, as weU 
as in Canada and Italy, many earthquakes are observed along with the 
purest and clearest skies, and with the freshest land and sea 'breezes. 
But if no meteorological phenomenon indicates the coming earthquake 
either on the morning of the shack or a few days previously, the influ- 
ence of certain periods of the year (the vernal and autumnal equinoxes), 
the commencement of the rainy season in the tropics after long drought, 
tnd the change of the monsoons (according to general belief), can not 
6e overlooked, even though the genetic connection of meteorological 
processes with those going on in the interior of our globe is still euveN 
oped in obscurity. Numerical inquiries on the distribution of earth- 
quakes throughout the course of the vear, such as those of Von Hoff, 
Pet«r MeriftDy and Friedrich Hoffmann, bear testimony to their frequency 
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leat, and a misty horizon, are always the forerunners of this 
phenomenon. The fallacy of this popular opinion is not only 
refuted by my own experience, but Ukewise by the observations 
of all those who have lived many years in districts where, as 
in Gumana, Quito, Peru, and ChUi, the earth is frequently 
and violently agitated. I have felt earthquakes in clear air 
And a fresh east wind, as well as in rain and thunder storms. 
The regularity of the horary changes in the decHnatiou of the 
magnetic needle and in the atmospheric pressure remained un 
disturbed between the tropics oli the dayis when earthquakes 
occurred.* These facts agree with the observations made by 
Adolph Erman (in the temperate zone, on the 8th of IVfar&h, 
1829) on the occasion of an earthquake at Irkutsk, near the 
Lake of 3aikal. During the violent earthquake of Cumana, 
on the 4th of November, 1799, I found the declination and 
the intensity of the magnetic force alike unchanged, but, to 
Qiy surprise, the inclination of the needle was diminished about 
48*,t There was no ground to suspect an error in the calcu- 
lation, and yet, in the many other earthquakes which I have 
experienced on the elevated plateaux of Quito and Lima, the 
inclination as well as the other elements of terrestrial mag- 
netism remained always unchanged. Although, in general, 
the processes at work within the interior of the earth may not 
be announced by any meteorological phenomena or any special 
appearance of the sky, it is, on the contrary, not improbable, 
as we shall soon see, that in cases of violent earthquakes some 
efiect may be imparted to the atmosphere, in consequence of 
which they can not always act in a purely dynamic manner. 

at the periods of the equinoxes. It is singular that Pliny, at the end of 
his iancifol theory of earthquakes, names the entire frightful phenom- 
enon a subterranean storm ; not so much in consequence of the rolling 
sound which frequently accompanies the shock, as because the elastic 
forces, concusstye by their tension, accumulate in the interior of the 
earth when they are absent in the atmosphere ! ** Ventos in causa esse 
non dubium reor. Neque enim unqoam intremiscunt terne, nisi sopito 
man, coeloque adeo tranquillo, ut volatus avium non pendeant, subtracto 
omni spirituqui vehit; nee nnquam nisi post ventos conditos, scilicet 
in venas et cavernas ejus occulto afflatu. Ne<^ue aliud est in terra 
tremor, (pam in nube Jtonitruum ; nee hiatus ahud quam cum fulmen' 
erumpit, incluso spirita luctante et ad libertatem exire nitente.'' (Plin., 
ii., 79.) The germs of almost everv thing that has been observed or 
imagined on the causes of earthquakes, up to the present day, may be 
found in Seneca, Nat. Qtuui., vi., 4^1. 

* I have given proof that tlie course of the horary variations of the 
oarometer is not afifected before or after earthquakes, in my ReLat. Hist.. 
t i., p. 311 and 513. 

t Humboldt, Relat. Hist., t. i., p. 515-517. 
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Daring the long-contiaued trembling of the ground in the 
Piedmontese valleys of Pelis and Clusson, the greatest changes 
in the electric tension of the atmosphere were observed while 
the sky was cloudless. The intensity of the hollow noise which 
generally accompanies an earthquake does not increase in the 
same degree as the force of the oscillations. I have ascertain- 
ed with certainty that the great shock of the earthquake of 
Riobamba (4th Feb., 1797)— ^ne of the most fearful phenomr 
ena recorded in the physical history of our planet — ^was not 
accompanied by any noise whatever. The tremendous noise 
{d gran ruido) which was heard below the soil of the cities 
of Qiilto and Ibarra, but not at Tacunga and Hambato, near- 
er the center of the motion, occurred between eighteen and 
twenty minutes after the actual catastrophe. In \he cele- 
brated earthquake of Lima and Callao (28th of October, 
1746), a noise resembling a subterranean thunder-clap was 
heard at Truxillo a quarter of an hour after the shock, and 
unaccompanied by any trembling of the ground. In like 
manner, long after the great earthquake in New Granada, on 
the 16th of November, 1827, described by Boussingault. sub- 
terranean detonations.were heard in the whole valley of Cauca 
during twenly or thirty seconds, unattended by motion. The 
nature of the noise varies also very much, being either rolling, 
or rustling, or clanking like chains when moved, or hke near 
thunder, as, for instance, in the city of Quito ; or, lastly, clear 
and ringing, as if obsidian or some other vitrified masses were 
struck in subterranean cavities.. As solid bodies are excellent 
conductors of sound, which is propagated in. burned clay, for 
instance, ten or twelve times quicker than in the air, the sub- 
terranean noise may be heard at a great distance from the 
place where it has originated. In Caraccas, in the grassy 
plains of Calabozo, and on the banks of the Rio Apure, which 
falls into the Orinoco, a tremendously loud noise, resembling 
thunder, was beard, unacccmipanied by an earthquake, over 
a district of land 9200 square miles in extent, on the 30th of 
April, 1812, while at a distance of 632 miles to the north- 
east, the volcano of St. Vincent, in the small Antilles, poured 
forth a copious stream of lava. With respect to distance, this 
was as if an eruption of Vesuvius had been heard in the north 
of France. In the year 1744, on the great eruption of the 
volcano of Cotopaxi, subterranean noises, resembling the dis- 
charge of cannon, were heard in Honda, on the Magdalena 
River. The crater of Cotopaxi lies not only 18,000 feet high- 
er than Honda, but these two points are separated by the co- 
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lossal mountain chain of Quito, Pasto, and Popayan, no less 
than by nmnerous valleys and cleftsr and they are 436 miles 
apart. The sound was certainly not propagated through the 
air, but through the earth, and at a great depth. During the 
violent earthquake of- New Granada, in February, 1835, sub- 
terranean thunder was heard simultaneously at Popayan, Bo* 
gota, Santa Marta, and Caraccas (where it continued for seven 
hours without any movement of the ground), in Haiti, Jamai 
ea, and on the Lake of Nicaragua. 
' These phenomena of sound, when unattended by any per- 
ceptible shocks, produce a peculiarly deep impression even on 
persons who have lived in countries where the earth has been 
frequently exposed to shocks. A striking and unparalleled in- 
stance of uninterrupted subterranean noise, unaccompanied by 
any trace of an earthquake, is the phenomenon known in the 
Mexican elevated plateaux by the name of the "roaring and 
the subterranean thunder" {bramidos y truenos subterraneos) 
of Guanaxuato.* This celebrated and rich mountain city 
lies far removed from any active volcano. The noise began 
about midnight on the 9th of January, 1784, and continued 
£>r a month. I have been enabled to give a circumstantial 

* Oa the bramidos of Guanaxaato, see my Essai Polit. 8%^ la Nouv, 
EapaghCf t. i., p. 303. The subterranean noiae, unaccompanied with 
any appreciable shock, in the deep mines and on the snr&ce (the town 
of Gnaaazoato lies 6830 feet above the level of the sea), was not heard 
in the neighboring elevated plains, but only in the mountainous parts 
of the Sierra, from the Cuesta de los Asuilares, near Marfil, to the north 
of Santa Bosa. There were individual parts of the Sierra 24-S8 miles 
northwest of Guanaxuato, to the other side of Ghichiraequillo, near the 
boiling spring of San Jos^ de Comangillas, to which the waves of sound 
did not extend. Extremely stringent measures were adopted by the 
magistrates of the large mountain towns on the 14th of January, 1784, 
when the terror produced by these subterranean thunders was at its 
height. '' The flight of a wealthy family shall be punished with a fine 
of 1000 piasters, imd that of a poor family with two months' imprison- 
ment. The militia shall bring back the fugitives." One of the most 
remarkable points about the whole affair is the opinion which the mag- 
istrates (el cabildo) cherished of their own superior knowledge. In 
one of their proclamast I find the expressron, ** The magistrates, m their 
wisdom (en su si^iduria), will at once know when there is actual dan- 
cer, and will give orders for flight; for the present, let processions be 
instituted." The terror excited by the tremor gave rise to a famine, 
since it prevented the importation of com from -the table-lands, where 
It abounded. The ancients were also aware that noises sometimes ex- 
isted without earthquakes.— Aristot., Meteor.^ if., p* 802 ; Plin., ii., 80. 
The singular noise that was heard from March, 1822, to September, 
1824, in the Dalmatian island Meleda (sixteen miles from Ragusa), and 
en which Partsoh has thrown much light, was occaaioinlly aocompaaied 
by shocks. 
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description of it from the report of many witnesses, and fiom 
the documents of the munioipality, of which I was allowed to 
make use. From the 13th to the 16th of January, it seemed 
to the inhabitants as if heavy clouds lay beneath their feet, 
from which issued alternate slow rolling sounds and short, 
quick claps of thunder. The noise abated as gradually as it 
had begun. It was limited to a small space, and was not 
heard in a basaltic district at the distance of a few miles. 
Almost all the inhabitants, in terror, left the city, in which 
large masses of silver ingots were stored ; but the most cour- 
ageous, and those more accustomed to subterranean thunder, 
soon returned, in order to drive off the bands of robbers who 
had attempted to possess themselves of the treasures of the 
city. Neither on the surface of the earth, nor in mines 1600 
feet in depth, was the slightest shock to be perceived. No 
similar noise had ever before been heard on the elevated table- 
land of Mexico, nor has this terrific phenomenon since occurred 
there. Thus clefts are opened or closed in the interior of the 
earth, by which waves of sound penetrate to us or are impeded 
in their propagation. 

The activity of an igneous, mountain, however terrific and 
picturesque the spectacle may be which it presents to our con- 
templation, is always limited to a very small space. It is far 
otherwise with earthquakes, which, although scarcely per- 
ceptible to the ey^nevertheless simultaneously propagate their 
w^aves to a distance of many thousand miles. The great 
earthquake which destroyed the city of Lisbon on the 1st of 
November, 1755, and whose effects were so admirably investi- 
gated by the distinguished philosopher Emmanuel Kant, was 
felt in the Alps, on the coast of Sweden, in the Antilles, An- 
tigua, Barbadoes, and Martinique ; in the great Canadian. 
Lakes, in Thuringia, in the flat country of Northern Ger- 
many, and in the small inland lakes on the shores of the Bal- 
tic* Remote springs were interrupted in their floy^, a phe- 
nomenon attending earthquakes which had been noticed among 
the ancients by Demetrius the Callatian. The hot springs of 
Toplitz dried up, and returned, inundating every thing around, 
and having their waters colored with iron ocher. In Cadiz 

* [It has been compated that the shock of this earthqaake p^ervaded 
an area of 700,000 miles, or the twelfth part of the Circumference of the 
globe. This dreadful shock lasted only five minutes: it happened about 
nine o'clock in the morning of the Feast of All Saints, when almost the 
whole population was wiuiin the churches, owing to which ciroum- 
stance no less than 30,000 persons perished by the iall of these edifices. 
See Daubeney On Volcanoes, p. 514-517.]— 4v 
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die sea roBC to an elevation of sixty-four feet, while in the An- 
tilles, where the tide usually rises only from twenty-six to 
twenty-eight inches, it suddenly rose above twenty feet, the 
water being of an inky blackness. It has been computed that 
on the 1st of November, 1755, a portion of the Earth's sur- 
face, four times greater than that of Europe, was simultane- 
ously shaken. As yet there is no manifestation offeree known 
to us, including even the murderous inventions of our own 
race, by which a greater number of people have been killed in 
the short space of a few minutes : sixty thousand were de- 
stroyed in Sicily in 1693, from thirty to forty thousand in the 
earthquake of Riobamba in 1797, and probably five times as 
many in Asia Minor and Syria, under Tiberius and Justinian 
the elder, about the years 19 and 526. 

There are instances in which the earth has been shaken for 
many successive days in the chain of the Andes in South 
America, but I am only acquainted with the following cases 
in which shocks that have -been felt almost every hour for 
months together have occurred far from any volcano, as, for 
instance, on the eastern declivity of the Alpine chain of Mount 
Cenis, at Fenestrelles and Pignerol, from April, 1808 ; be- 
tween New Madrid and Little Prairie,* north of Cincinnati, 
in the United States of America, in December, 1811, as well 
as through the whole wnter of 1812 ; and in the Pachalik of 
Aleppo, in the months of August and September, 1822. As 
the mass of the people are seldom able to rise to general views, 
and are consequently always disposed to ascribe great phe- 
nomena to local telluric and atmospheric processes, wherever 
the shaking of the earth is continued for a long time, fears of 
the eruption of a new volcano are awakened. . In some few 
cases, this apprehension has certainly proved to be well ground- 
ed, as, for instance, in the sudden elevation of volcanic islands, 
and as we see in the elevation of the volcano of JoruUo, a 
mountain elevated 1684 feet above the ancient level of the 
neighboring plain, on the 29th of September, 1759, after ninety 
days of earthquake and subterranean thunder. 

If we could obtain information regarding the daily condi- 
tion of all the earth's surface, we should probably discover that 
the earth is almost always undergoing shocks at some point 
of its superrficies, and is continually influenced by ^he reaction 

• Drake, Nat. and Statist. Vieio of Cincinnati, p. 232-238 ; MitcheH, 
in the Transactions of the tit. and Philos. Soe. of New York, vol. i., p. 
281-^08. In the Pied moiitese connty of Pignerol, glasses of water, fi Uod 
to th» very bnm, exhibited for hours a continuous motion. 
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of the intetior on the exterior. The frequency and general 
prevalence of a phenomenon which is probably dependent on 
the raised temperature of the deepest molten strata explain 
its independence of the nature of the mineral masses in which 
it manifests itself. Earthquakes have even been felt in the 
loose alluvial strata of Holland, as in the neighborhood of Mid- 
dleburg and Vliessingen on the 23d of February, 1828. Gran- 
ite and mica slate are shaken as well as limestone and sand- 
stone, or as trachyte and amygdaloid. It is not, therefore, the 
chemical nature of the constituents, but rather the mechanical 
structure of the rocks, which modifies the propagation of the 
motion, the wave of conmiotion. Where this wave prooeeds 
along a coast, or at the foot and in the direction c^a mountain 
chain, interruptions at certain points have sometimes been re- 
marked, which manifested themselves during the course of 
many centuries. The undulation advances in the depths be- 
low, but is n^ver felt at the same points on the surface. The 
Peruvians* say of these unmoved upper strata that " they 
form a bridge." As the mountain chains appear to be raised 
on fissures, the walls of the cavities may perhaps favor the di- 
rection of undulations parallel to them ; occasionally, however,, 
the waves of commotion intersect several chains almost per 
pendicularly. Thus we see them simultaneoudy breaking 
through the littoral chain of Venezuela and the Sierra Parime. 
In Asia, shocks of earthquakes have been propagated from 
Lahore and from the foot of the Himalaya (22a of January, 
1832) transversely across the chain of the Hindoo Chou to 
Badakschau, the upper Oxus, and even to Bokhara.f The 
circles of commotion unfortunately expand occasionally in con- 
sequence of a single and unusually violent earthquake. It is 
only since the destruction of Cumana, on the 14.th of Decem- 
ber, 1797, that shocks on the southern coast have been felt in 
the mica^ slate rocks of the peninsula of Maniquarez, situated 
opposite to the chalk hills of the main land. The advance 

* In Spanish they say, roeas que kacen puenie. With this phenome* 
non of non-propagatiou throagh soperior strata is connected the remark 
able fact that m the beginnin|f of this century shocks were felt in the 
deep silver mines at Marienberg, in the Saxony mining district, while 
not the slightest trace was perceptible at the surfiice. The miners 
ascended in a state of alarm. Conversely, the workmen in the mines 
of Falun and Fersberg felt nothing of the shocks which in November, 
}823, spread dismay among the inhabitants above ground. 

t Sir Alex. Burnes, Travds in Bokhara, vol. i., p. 18; and Wathen, 
Mem. on the Utbek Slate, in the Journal of ike Aeiatic Society of Bengal,- 
vol. iii., p. 337. 
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^zom south to north was very striking in the aknost uninter- 
rupted undulations of the soil in the alluvial valleys of the Mis- 
sissippi, the Arkansas, and the Ohio, from 1811 to 1813. It 
seemed here as if subterranean obstacles were gradually over- 
come, and that the way being once oj^ned, the undulatory 
movement could be freely propagated. . 

Although earthquakes appear at first sight to be simply dy- 
namic phenomena of motion, we yet discover, from well-at- 
tested facts, that they are not only able to elevate a whole dis- 
trict above its ancient level (as, for instance, the UUa Bund, 
after the earthquake of Cutch, in June, 1819, east of the 
Delta of the Indus, or the coast of Chili, in November, 1822), 
but we also find that various substances have been ejected dur- 
ing the earthquake, as hot water at Catania in 1818 ; hot 
steam at New Madrid, in the Valley of the Mississippi, in 
1812 ; irrespirable gases, Mofettes^ which injured the flocks 
grazing in the chain of the Andes ; mud, black smoke, and 
even flames, at Messina in 1781, and at Cumana on the 14th 
of November, 1797. During the great earthquake of Lisbon, 
on the Ist of November, 1755, flames and columns of smoke 
were seen to rise from a newly-formed Assure in the rock of 
Alvidras, near the city. The smoke in this case became more 
dense as the subterranean noise increased in intensity.*" At 
the destruction of Riobamba, in the year 1797, when the 
shocks were not attended by any outbreak of the neighboring 
volcano, a singular mass called the Moya was uplif[ed from 
the earth in numerous continuous conical elevations, the whole 
being composed of carbon, crystals of augite, and the silicious 
shields of infusoria. The eruption of carbonic acid gas from 
fissures in the Valley of the Magdalene, during the es^thquake 
of New Granada, on the 16th of November, 1827, suflbcated 
many snakes, rats, and other animals. Sudden changes of 
weather, as the occurrence of the rainy season in the tropics, 
at an unusual period of the year, have sometimes succeeded 
violent earthquakes in Quito and Peru. Do gaseous fluids rise 
from the interior of the earth, and mix with the atmosphere ) 
or are these meteorological processes the action of atmospheric 
electricity disturbed by the earthquake 1 In the tropical re- 
gions of America, where sometimes not a drop of rain falls for 
ten months together, the natives consider the repeated shocks 
of earthquakes, which do not endanger the low reed huts, as 
auspicious harbingers of fruitfulness and abundant rain. 

♦ Pkilo$, Transact,, voL xlix., p. 414. 
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The intimate connection of the phenomena which we havi' 
considered is still hidden in obscurity. Elastic fluids are doubt 
lessly the cause of the slight and perfectly harmless trembling 
of the earth's surface, which has often continued several dayi 
(as in 1816, at Scaccia, in Sicily, before :the volcanic eleva« 
tion of the island of Julia), as well as of the terrific exploaone 
accompanied by loud noise. The focus of this destructive agent, 
the seat of the moving force, lies far below the earth's surface ; 
but we know as little of the extent of this depth as we know 
of the chemical nature of these vapors that are so highly com- 
pressed. At the edges of two craters, Vesuvius, and the tow- 
ering rock which projects beyond the great abyss of Pichin- 
cha, near Quito, I have felt periodic and very regular shocks of 
earthquakes, on each occasion from 20 to 30 seconds before 
the burning scoriae or gases wete erupted. The intensity of 
the shocks was increased in proportion to the time interven- 
ing between them, and, consequently, to the length of time 
in which the vapors were accumulating. This simple fact, 
which has been attested by the evidence of so many travelers, 
furnishes us with a general solution of the phenomenon, in 
showing that active volcanoes are to be considered as safety- 
valves for the immediate neighborhood. The danger of earth- 
quakes increases when the openings of the volcano are closed, 
and deprived of free communication with the atmosphere ; but 
the destruction of Lisbon^ of Caraccas, of Lima, of Cashmir in 
1554,* and of so many cities of Calabria, Syria, and Asia Mi- 
nor, shows us, on the whole, that the force of the shock is not 
the greatest in the neighborhood of active volcanoes. 

Ajb the impeded activity of the volcano acts upon the shocks 
of the earth's surface, so do the latter react on the volcanic 
ph^iomena. Openings of fissures favor the rising of cones of 
eruption, and the processes which take place in these cones, 
by formuig a free communication with the atmosphere. A 
column of smoke, which had been observed to rise for months 
together from the volcano of Paste, in South America, sud- 
denly disappeared, when, on the 4th of February, 1797, the 
province of Quito, situated at a distance of 192 miles to the 
south, sufiered from the great earthquake of Riobamba. Afler 
the earth had continued to tremble for some time through- 
out the whole of Syria, in the Cyclades, and in EubcBa, the 
shocks suddenly ceased on the eruption of a stream of hot mud 

* On the frequency of earthquakes in Cashmir, see Troyer's Qermai 
translation of the ancient Rctdjataringini^ vol. ii., p. 297*, and Car? ^ 
HOgel, Reiten, bd. ii., s. 184. 
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on the Lelantine plains near Chalcis.* The intelligent geog- 
rapher of Amasea, to whom we are indebted for the notice of 
this circnmstance, fhrther remarks : ". Since the craters of iGtna 
have been opened, which yield a passage to the escape of fire, 
and since burning masses and water have been ejected, the coun- 
try near the sea-shore has not been so much shaken as at the 
time previous to the separation of Sicily from Lower Italy, when 
all commimications with the external surface were closed." 

We thus recognize in earthquakes the existence of a vol- 
canic force, which, although every where manifested, and as 
generally difiiised as the internal heat of our planet, attains 
but rarely, and then only at separate points, sufficient intensity 
to exhibit the phenomenon of eruptions. The formation of 
veins, that is to say, the filling up of fissurea with crystalline 
masses bursting forth from the interior (as basalt, melaphyre, 
and greenstone), gradually disturbs the free intercommunica- 
tion of elastic vapors. This tension acts in three difierent 
ways, either in causing disruptions, or sudden and retroversed 
elevations, or, finally,, as was first observed in a great part of 
Sweden, in producing changes in the relative level of the sea 
and land, which, although continuous, are only appreciable at 
intervals of long period. 

Before we leave the iniportant phenomena which we have 
considered, not so much in their individual characteristics as 
in their general physical and geognostical relations, I would 
advert to the deep and peculiar impression left on the mind by 
the first earthquake which we experience, even where it is not 
attended by any subterranean noise.f This impression is not, 

* Strabo,. lib. i., p. 100, Cafianb. That the expression mjXov StaTrO- 
pov iroTOfiSv does not mean erupted mad, bat lava, is obvious from a 
passage in Strabo, lib. vi., p. 412. Compare Walter, in his Abnahme der 
Vulkanischen TkdtigkeU in Historiscken ZeUen (On the Decrease'of Vol- 
canic Activity during Historical Times), 1844, s. 25. 

t [Dr. Tscbadi, in his interesting veork, Travels in Peru^ translikted 
from the German by Thomasina Ross, p. 170,1847, describes striking- 
ly the effect of an earthquake upon the native and upon the stranger. 
'* No familiarity with the phenomenon can blunt this feeling. The in- 
habitant of Lima, who from childhood has frequently witnessed these 
convulsions of nature, is roused frvm his sleep by the shock, and rushes 
from his apartment with the cry of Mi$erieordia ! The foreigner frond 
the north of Europe, who knows nothing of earthquakes but by descrip 
tion, waits with impatience to feel the movement of the e&rth, and longs 
to hear with his own ear the subterranean sounds which he has hitherto 
considered fabulous. With levity he treats the apprehension of a com- 
ing convulsion, and laughs at the fears of the natives ; but, as soon as his 
wish is gratified, he is terror-stricken, and is involuntarily prompted to 
seek safety in flight."]— Tr. 
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u my opinion, the result of a recollection of those fearful pLo- 
tures of devastation presented to our imaginations by the his- 
torical narratives of the past, but is rather due to the sudden 
revelation of the delusive nature of the inherent faith by virhich 
we had clung to a belief in the immobility of the solid parts 
of the earth. We are accustomed from early childhood to 
draw a contrast between the mobility of water anl the im- 
mobility of the soil on which we tread ; and this feeling is con- 
firmed by the evidence of our senses. When, therefore, we 
suddenly feel the ground move beneath us, a m^^terious and 
natural force, with which we are previoiisly unacquainted, is 
revealed to us as an active disturbance of stability. A moment 
destroys the illusion of a whole life ; our deceptive faith in the 
repose of nature v^ishes, and we feel transported, as it were, 
into a realm of imknown destructive forces. Every sound — 
the faintest motion in the air — arrests our attention, and we 
no longer trust the ground on which we stand. Animals, es- 
pecially dogs and swine, participate in the same anxious dis- 
quietude ; and even the crocodiles of the Orinoco, which are 
at other times as dumb as our little lizards, leave the trem- 
bling bed of the river, and run with loud cries into the adjacent 
forests. 

To man the earthquake conveys Sn idea of some universal 
and unlimited danger. We may flee from the crater of a vol- 
cano in active eruption, or from the dwelling whose destruc- 
tion is threatened by the approach of the lava stream ; but in 
an earthquake, direct our fBght whithersoever we will, we still 
feel as if we trod upon the very focus of destruction. This con- 
dition of the mind is not of long duration, although it takes its 
origin in the deepest recesses of our nature ; and when a se- 
ries of faint shocks succeed one another, the inhabitants- of the 
country soon lose every trace of fear. On the coasts of Peru, 
where rain and hail are unknown, no Itss than the rolling 
thunder and the flashing lightning, these luminous explosions 
of the atmosphere are replaced by the subterranean noises 
which accompany earthquakes.^ Long habit, and the very 

* [" Along the whole coast of Vem the atmosphere is almost imi- 
ibrmly in a state of repose. It is not iUominated by the lightning's ^asb, 
or disturbed by the roar of the thunder ; no deluges of rain, no fierce 
hurricanes, destroy the fruits of the fields, and with them the hopes of 
the husbandman. But the mildness of the elements above ground is 
frightfully counterbalanced by their subterranean fury. Lima is fre 
quently visited by earthquakes, and several times the city ha^ been 
reduced to a mass of ruins. . At an average, forty-five shocks may be 
counted on in the year.* Mogt of them occpr in the latter. part of Octo- 
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pievalent opinion that dangerous shocks are only to he appre- 
hended two or three times in the course of a century, cause 
faint oscillations of the soil to he regarded in Lima with scarce- 
ly more attention than a .hail storm in the temperate zone. 

Having thus taken a general view of the activity — ^the 
inner life, as it were— of the Earth, in respect to its internal 
heat, its electro-magnetic tension, its emanation of light at the 
poles, and its irregularly-recurring phenomena of motion, we 
will now proceed to the consideration of the, material products, 
the chemical changes in the earth's surface, and the composi- 
tion of the atmosphere, which are all dependent on planetary 
vital activity. We see issue fix>m the groimd steam and 
gaseous carhonic acid, almost always free from the admixture 
of nitrogen * carhureted hydrogen gas, which has heen used 
in the Chinese province Sse-tschuanf for several thousand 
years, and recently in the village of Fredonia, in the State of 
New York, United States, in cooking and for illumination ; 
sulphureted hydrogen gas and sulphurous vapors ; and, more 
rarely ,t sulphurous and hydrochloric acids, i Such effusions 

ber, in November, December, Januaiy, May, and June. Experience 
gives reason to expect the visitation of two desolating earthquakes in a 
centuiy. The period between the two is from fortjr to sixty years. The 
most considerable catastrophes experienced in Lima since Europeans 
have visited the west coast of Bouth America happened in the years 
1586, 1630, 1687, 1713, 1746, 1806. There is reason to fear that in the 
course of a few years this city may be the prey of another such visita- 
tion."— Tschudi, op. cit.]— Tr. 

* Bischofs comprehensive work, Wdrmelehre dea inneren Erdkdrpert, 

t On -the Artesian fire-springs (Ho-tsing) in Ohina, and the ancient 
use of portable gas (in bamboo canes) in the city of Khiung-tsheu, see 
Klaproth, in my Asie Centrales t. iii., p. 519-530. 

X Boussingault {Afmales de Chimie, t, Iii., p.. 181) observed no evolu- 
tion of hydrochloric acid from the volcanoes of New Granada, while 
MonticeQi found it in enormous quantity in the eruption of Vesuvius in 
1813. 

$ [Of the gaseous compounds of sulphur, one, sulphurous acid, ap- 
pears to predominate chiefly in volcanoes possessing a certain degree 
of activity, while the other, sulphureted hydrogen, has been nuMt fre* 
quently perceived among those in a dormant condition. The occur- 
rence of abundatit exhalations of sulphuric acid, which have been hith 
erto noticed chiefly in extinct volcanoes, as, for instance, in a stream 
issuiog from that of Purac^, between Bogota and Quito, from extinct 
volcanoes in Java, is satisfactorily explained in a recent .paper by M. 
Dumas, AnncUes de CUmUf Dec., 1846. He shows that when sulphu- 
reted hydrogen, ^X a temperature above 100^ Fahr., and still better 
when near 190^, comes in contact with certain porous bodies, a cata* 
lytic action is set up, by which water, sulphuric acid, and sulphur are 
produced. Hence probably the vast . deposits of sulphur, associated 
with sulphates of lime and strontian, which are met. with in the 
western parts of Sicily.] — 2V. 

Vol. I.— K. 
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fiom the fiseufes of the earth not only oeoav in the distrieto 
of Btill hurning or lortg-extinguished Tolcanoes, but they may 
likewise be observed occaBionally in distriets where neither 
trachyte nor any oth^r volcanic rocks are exposed on the 
earth's surface. In the chain of Quindiu I have seen sul- 
phur deposited in mica slate from warm sulphurous vapor 
at an elevation of 6832 feet* above the level of the sea, 
while the same species of rock, which was formerly regarded 
as primitive, contains, in the Cerro Cuello, near Tiscan, south 
of Quito, an immense deposit of sulphur imbedded in pure 
quartz. 

Exhalations of carbonic acid {mofettes) are even in our days 
to be considered as the most important of all gaseous emana- 
tions, with respect to their number and the amount of their 
efiusion. We see in Germany, in the deep valleys of the 
Eifel, in the neighborhood of the Lake of Laach,t in the 
crater-like valley of the Wehr and in. Western Bohemia, ex- 
halations of carbonic acid gas manifest themselves as the last 
efibrts of volcanic activity in or near the foci of an earlier 
world. In those earlier periods, when a higher terrestrial 
temperature existed, and when a great number of fissures 
still remained unfilled, the processes we have described acted 
more powerfully, and carbonic acid and hot steam Were mixed 
in larger quantities in the atmosphere, from whence it follows, 
as Adolph Brongniart has ingeniously shown,} that the primi- 
tive vegetable world must have exhibited almost every where, 
and independently of geographical position, the most luxurious 
abundance and the fullest development of organism. In these 
constantly warm and damp atmospheric strata, saturated with 

* Humboldt, Recueil d^Observ. Astronomiques, t. i., p. 311 {Nivelle 
tnent Baromitrique de la Cordillire de$ AndeSf No. 206). 

t [The Lake of Laach, in the district of the Eifel, is an expanse o( 
water two miles in circumference. The thickness of the vegetation on 
the sides of its crater-like basin renders it difficult to discover the nature 
of the subjacent rock, but it is probably composed of black cellular 
augitic lava. The sides of the crater present numerous loose masses, 
which appear to have been ejected, and consist of glassy feldspar, ice- 
spar, sodalite, hauyne, spinellaue, and lencite. The resemblance be- 
tween these' products' and the masses formerly ejected from Vesuvius is 
most remaricable. (Daubeney On Volcanoes, p. 81.) Dr. Hibbert re- 
gards the Lake of Laach as formed in the first instance by a crack 
caused by the eooHn^ of the crust of the earth, which was widened 
afterward into a circular cavity by the expansive force of elastic vapors. 
See HisUny of the JSxtfnet Voleanoet of the Basin of Neuvded, 1839.} 
— Tf^ 

t Adolph Brongniart, in the Annaiet det Sciences Nalnrdles, t. xv., 
p. 225. 
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carbonic acid, v^;etatiou must have attained a degree of tdtal 
activity, and derived the superabundance of nutrition neceflRsary^ 
to furnish materials for the formation of the beds of lignite 
(coal), constituting the inexhaustible means on vhieh are based 
the physical power and prosperity of nations. Bueh masses 
are distributed in basins over certain parts of Europe, occur- 
ring in large quantities in the British Islands, in Belgium, in 
France, in the provinces of the Lower Rhine, and in Upper 
Silesia. At the same primitive period of universal volcanic 
activity, those enormous quantities of carbon must also have 
escaped from the earth which are contained in limestone 
rocks, and which, if separated from oxygen and reduced to a 
solid form, would constitute about the eighth part of the abso^ 
lute bulk of these mountain masses.* That portion of the 
carbon which was not taken up by alkaline earths, but re- 
mained mixed with the atmosphere, as carbonic acid, was 
gradually consumed by the vegetation of the earlier stages of 
the world, so that the atmosphere, after being purified by the 
processes of vegetable life, only retained the small quantity 
which it now possesses, and which is not injurious to the 
present organization of animal life. Abundant eruptions of 
sulphurous vapor have occasioned the destruction of the spe- 
cies of moUusca and fish which inhabited the inland waters of 
the earlier world, and have given rise to the formation of the 
contorted beds of gypsum, which have doubtless been fire- 
queutly afiected by i^ocks of earthquakes. 

Gaseous and liquid fluids, mud, and molten earths, ejected 
from the craters of volcanoes, which are themselves only a 
kind of " intermittent springs,*' rise from the earth under pre- 
cisely analogous physical relations, t All these substances owe 
their temperature and their chemical character to the place 
of their origin. The Tnean temperature of aqueous springs is 
less than that of the air at the point whence they emerge, if 
the water flow from a height ; but their heat increases with 
the depth of the strata with which they are in contact at thmr 
origin. We have already spoken of the numerical law regu- 
lating this increase. The blending of waters that have come 
- from the height of a mountain with those that have sprung 
£ima the depths of the earth, render it diflieult to determine 
the position of the isogeotkermal linest (lines of equal internal 

• Bischof, op. cit., s. 324, Anm. 2. 
t Bamboldt, Asie Centrales t. i., p. 43. 

t On the theory of isogeotbermal (chthouisothertna}) lines, consult the 
ingenious labors of Kupner, in Fogu'., Anhalen, bd xt., s. 184, and bd 
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tenestrial temperature), when this determination is to be 
made from the temperature of flowing springs. Such, at any 
rate, is the result I have arrived at from my own observations 
and those of my fellow-travelers in Northern Asia. The 
temperature of springs, which has become the subject of such 
continuous physical investigation during the last half century, 
depends, like the elevation of the line of perpetual snow, on 
very many simultaneous and deeply-involved causes. It is a 
function of the temperature of the stratum in which they take 
their rise, of the specific heat of the soil, and of the quantity 
and temperature of the meteoric water,* which is itself dif- 
ferent from the temperature of the lower strata of the atmos- 
phere, according to the difierent modes of its origin in rain» 
snow, or hail.t 

Cold springs can only indicate the mean atmospheric tern- 

Kxxii., 8. 270, in the Voyage dans /'0«ra/, p. 382-398, and in the 
Edinburgh Journal of Science^ New Series, vol. iv., p. 355. See, also, 
Kamtz, Lehrb, der Meteor., bd. ii., s. 217 ; and, on the ascent of the 
chthonisothermal lines in mountainous districts, Bischof, s. 174-198. 

* Leop. V. Buch, in Fogg., Annaht^, bd. xii., s. 405. 

t On me temperature of the drops of rain in Oamana, which fell to 
72°, when the temperature of the air shortly before had been 86° and 
88°, and during the rain sank to 74°, see my Relat, HtetJ, t. ii., p. 22. 
The rain-drops, -while falliiig, change the normal temperature they 
ori^nally possessed, which depends on the height of the clouds from 
which they fell, and their heating on their upper surface by the solar 
rays. The rain-drops, on their first production, have a higher tempera- 
ture than the surrounding medium m the superior strata of out atmos- 
phere, in consequence of the liberation of their latent heat ; and they 
continue to rise in temperature, since, in falling through lower and 
warmer strata, vapor is precipitated on them, and diey thus increase in 
size (Bischof, Wdrmelehre des inneren Erdkorpere, s. 73) ; but this ad- 
ditional heating is compensated for b^ evaporation. The cooling of the 
air by rain (putting out of the question what probably belongs to the 
electric process in storms) is effected by the orops, which are them- 
selves of lower temperature, in consequence of the cold situation in 
which they were formed, and bring down with them a portion of the 
higher colder air, and which finally, by moistening the ground, give 
rise to evaporation. These are the ordinary relations of the phenome- 
non. When, as occasionally happens, the rain-drops are warmer than 
the lower strata of the atmosphere (Humboldt, Rel, Hiet,, t. iii., p. 
513), the cause must probably be sought in higher warmer currents, or 
in a higher temperature of widely-extended and not very thick clouds, 
from the action of the sun*s rays. How, moreover^ the phenomenon of 
supplementary rainbows, which are ezi>lained by the interference of 
light, is connected with the original ana increasing size of the falling 
drops, and how an optical phenomenon, if we know how to observe it 
accurately, may enlighten us regarding a meteorological process,- ac- 
cording to diversity of zone, has been shown, with much talent and in 
genuityi by Arago, in the Anmuure for 1836, p. 300. 
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perature when they are unmixed with the waters rising from 
great depths, or descending from considerable mountain eleva- 
tions, and when they have passed through a long course at a 
depth from the surface of the earth which is equal in our lati- 
tudes to ,40 or 60 feet, and, according to BouSsingault, to about 
one foot in the equinoctial regions ;* these being the depths at 
which the invariabihty of the temperature begins in the tem- 
perate and torrid zones, that is to say, the depths at which 
horary, diurnal, and monthly changes of heat in the atmosphere 
cease to be perceived. 

Hot springs issue from the most various kinds of rocks. The 
hottest permanent springs that have hitherto been observed 
are, as my own researches confirm, at a distance firom all vol- 
canoes. I MoU here advert to a notice in my journal of the 
Agtias Calientes de las Trindheras, in South America, between 
Porto Cabello and Nueva Valencia, and the Aguas de Coman- 
gilla$,-ia the Mexican territory, near Guanaxuato; the for- 
mer of these, which issued from granite, had a temperature of 
l94°-5 ; the hitter, issuing from basalt, 206°-€. The depth 
)f the source from whence the water flowed with this temper- 
ature, judging from what we know of the law of the increase 
of heat in the interior of the earth, was probably 7140 feet, 
or above two miles. If the universally-difiused terj^estrial 
heat be the cause of thermal springs, as of active volcanoes, 
the rocks can only exert an influence by their diflerent capaci- 

* The profound iuvestigations of Boussingault fully convince me, that 
in the tropics, the temperature of the. ground, at a very slight depth, ex- 
actly corresponds with the mean temperature of the air. The follow 
^ng instances are sufficient to illustrate this fact : 



Sutiona witliia Tropiieal Zodm. 


Temperature at 1 French 
footrtHMSoftheEiwiiah 

foon below the earth'* 


Mean Temper- Height, ia Sosliek 
atttre of the feet, above the 
•ifc leTeloftheaea. 


Ouayaqnil ........... 


78-8 
74-6 
70-7 
64-7 
59*9 


78-1 
74-8 3444 
70-7 4018 
65-6 1 5929 
59-9 1 9559 


Anserma Nueyo 

Zupia -1- 


Popayan ............ 


Quito 





The doubts about the temperature of the earth within the tropics, of 
which I am probably, in some degree, the cause, by ray observations 
on the Cave of Caripe (Oueva del Guacharo), jR«{. Hi$t., t. ii:., p. 191* 
196), are resolved by the consideration that I comnared the pi-esumed 
mean temperature of the air of the convent of Canpe, 65<^-3, not with 
the temperature of the air of the cave, 65^'6, but with the temperature 
of the subterranean stream, 62°-3, although I observed (Rel. Hist., t. 
iii., p. 146 and 194) that mnuntain water from a grr*nt height might 
probably be mixe*! with the water of the cave 
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ties for heat uid by dusir ooudueting powen. The hottest ol 
all permaneat spiings (betweea 203^ and 209°) are likewise, 
in a most remarkable degree, the purest, and such as hold in 
solution the smallest quantity of mineral substances. Their 
temperature ^appears, on the whole, to be ^less constant than 
that of springs between 122° and 165°, which in Europe, at 
least, have maintained, in a most remarkable manner, their 
invariability of heal and mineral contents during the last 
fifty or sixty years, a period in which thermometrical measure- 
ments and chemical analyses have been applied with increas- 
ed exactness. Boussingault found in 1823 that the thermal, 
springs of Las Trineheras had risen 12^ during the twenty- 
three years that had intervened since my travels in 1800.* 
This calmly-flowing spring is therefore now nearly 12° hotter 
than the intermittent fountains of the Geyser and the Strokr, 
whose temperature has recently been most carefully determ- 
ined by Krug of Nidda. A very striking proof of the origin 
of hot springs by the sinking of cold meteoric water into the 
earth, and by its contact with a volcanic ibcus, is afibrded by 
the volcano of JoruUa in Mexico, which was unknown before 
my American journey. When, in September, 1759, Jorullo 
was suddenly elevated into a mountain 1 183 feet above the 
level of the surrounding plain, two small rivers, the Rio de 
Ctdti/mba and Rio de San Pedro, disappeared, and some 
time afterward burst forth again, during violent shocks of an 
earthquake, as hot springs, whose temperature I found in 1803 
to be 186^-4. 

The springs in Greece stiU evidently flow at the same places 
as in the^times of Hellenic antiquity. The spring of Erasinos,* 
two hours' journey to the south of Argos, on the declivity of 
Chaon, is mentioned by Herodotus. At Delphi we still see 
Cassotis (now the springs of St. Nicholas) rising, south of the 
Lesche, and flowing beneath the Temple of Apollo ; Castalia, 
.at the foot of PhsBdriadaB ; Pirene, near Acro-Corinth ; and 
the hot baths of ^Edipsus, in Euboea, in which Sulla bathed 
during the Mithridatic war.t I advert with pleasure to these 

* Bousaingaalt, iu ^e Annalet de Chimie, t. lii., p. 181. The spriug 
of Ghaudes Aigues, ia Auvergne, is only 176^. It is also to be observ- 
ed, that while the Agnas Calieiites de las Trineheras, soath of Porto 
Cabello (Venezaela), springing from granite deft in regular beds, and 
for from all volcanoes, have a temperatore of fully 206^-6, all the springs 
which rise in the vicinity of still active volcanoes (Pasto, Ootopaxi, and 
Tansaragua) have a temperature of only 97^*130^. 

t Cassotis (the spring oi St. Nicholas^ and Castalia, at the Phsedriadte, 
mentioned in Pausanias, x., 24, 25, and x., 8, 9 ; Pirene (Acro-Corinth), 
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&et8, as they show us that, even in a country subject to fre- 
quent and violent shocks of Earthquakes, the interior of our 
planet hag retained for upward of 2000 years its anoient ooa- 
figuration in reference to the oouree of the open fissures that 
yield a passage to these waters. The Fontaine jaUlissaTtte of 
Lillers, in the Department des Pas de Calais, which was bored 
as early as the year 1126, still rises to the same height and 
yields the same quantity of water ; and, as another instance, I 
may mention that the admirable geographer of the Carama- 
uian coast. Captain Beaufort, saw in the district of Phaselis the 
same fiame fed by emissions of inflammable gas which was de- 
scribed by Pliny as the flame pf the Lycian Chimera.* 

The observation made by Arago in 1821, that the deepest 
Artesian wells are the warmeBt,t threw great light on the ori- 
gin of thermal springs, and on the establishment of the law 
that terrestrial heat increases with increasing depth. It is a 
remarkable fact, which has but recently been noticed, that at 
the close of the third century, St. PatricLns,^ probably Bishop 
of Pertttsa, was led to adopt very correct views regarding the 
phenomenon of the hot springs at Carthage. On being asked 
what was the cause of boiling water bursting from the earth, 
he replied, *^ Fire is nourished in the clouds and in the interior 

in Strabo, p. 379 ; the spring of Eraslnos, at Mount Cbaon, south of Ar- 
gos, in Herod., vi., 67, and Pausanias, ii., 24, 7 ; the springs of .^dipsus 
ill EulxBa, some of which have a temperatare of 88^, wjiile in others it 
ranges between 144° and 167°, in Strabo, p. 60 and 447, and Atheusus, 
ii., 3, 73 ; the hot springs of Thermopybe, at the foot of CEta, with a- 
temperature of 14d°. All from manuscript notes by Professor Curtius, 
tl)e learned companion of Otfried MOller. 

* Pliny,ii., 106; Seucca, Epist.. 79, $ 3, ed. Euhkopf (Beaufint, fi^«r- 
vey of the Coast of Karamania, 1820, art. Yanar, near Delikta8ch,-the 
"ancient Phaselis, p. 24). See, also, Ctesias, Fragm.y cap. 10 p. 250, 
ed. Bahr; Strabo, lib. xiv„ p. 666, Casaub. 

£** Not fai* from the Deliktash, on the side of a mountain, is the per- 
petual fire described by <3aptain Beaufort. The travelers found it as 
brilliant as ever, and even somewhat increased ; for, besides the large 
flame in the corner of the ruins described by Beaufort, there were small 
Jets issuing from crevices in the side of the crater-like cavity five or 
six feet deep. At the bottom was a shallow pool of sulphureous and 
turbid water, regiirded by the Turks as a sovereign remedy for all skin 
complaints. The soot deposited from the flames was regarded as effi- 
cacious iov sore eyelids, and valued as a dye for J:he eyebrows." See 
the highly interesting and accurate work, Trmtels tn Lycia, by Lieut, 
fipratt and Professor E. Forbes.] — 7V. 

t Arago, in the Annvaire pour 1835, p. 234. 

} Acta S. Patricii, p. 555, ed. Buinart, t. ii., p. 385, Mazochi. Dn- 
reau de la Malle was the first to draw attention i>o this remarkable pais- 
iage in the Recherclutn snr la Topographic de Carthage, 1835, p. 276. 
(See, also, Senecji, N^tt. Qutrxf,. iii,. 24.) 
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of the 6arth» as JBtna and other mountaiiu near Naples may 
teach you. The suhteixanean waters rise as if through si* 
phons. The cause of hot springs is this : waters which are 
more remote from the subterranean fire are colder, while those 
which rise nearer the fire are heated by it, and bring with 
them to the surface which we inhabit aa insupportable degree 
of heat." 

As earthquakes are often accompanied by eruptions of water 
and vapors, we recognize in the Salses,^ or small mud vol- 
canoes, a transition from the changing phenomena presented 
by these eruptions of vapor and thermal springs to the more 
powerful and awful activity of the streams of lava that flow 
from volcanic mountains. If we consider these moimtains as 
springs of molten earths producing volcanic rocks, we must re- 
member that thermal waters, when impregnate with carbonic 
acid and sulphurous gases, are continusdly forming horizon- 
tally ranged strata of linoestone (travertine) or conical i^eva- 
tions, as in Northern Africa (in Algeria), and in the Baik>s 
of Caxamarca, on the western declivity of the Peruvian Cor> 
dilleras. The travertine of Van Diemen's Land (near Hpbart 
Town) contains, according to Charles Darwin, remains of a 
vegetation that no longer exists. Lava and travertine, which 
are constantly forming before our eyes^ present us with the 
two extremes oi geognostic relations. 

Salses deserve more attention than they have hitherto re- 
ceived from geognosists. Their grandeur has been overlooked 
because of the two conditions to which they are subject ; it is 
only the more peaceful state, in which they may continue for 
centuries, which has generally been described : their origin is, 
however, accompanied by earthquakes, subterranean thunder, 
the elevation of a whole district, and lofty emissions of flame 
of short duration. When the mud volcano of Jokmali began 
to form on the 27th of November, 1827, in the peninsula of 
Abscheron, on the Caspian Sea, east of Baku, the flames 
flashed up to an extraordinary height for three hours, while 
during the next twenty hours they scarcely rose three feet 
above the crater, from which mud was ejected. Near the 
village of Baklichlij west of Baku, the flames rose so high that 

* [True, volcanoes, as we have seen, generate sulpbareted hydrogen * 
uud mnriatic acid, upheave tracts of land, and emit streams of melted 
feldspathic materials ; salses, on the contrary, disengage Kttle else but 
carbureted hydrogen, together with bitumen and other products of the 
distillation of coal, and pour forth no other torrents except of mud^ot 
argiUaceons materials mixed ap with water. Danbeney, op oil., p 
540.]— Tr. 
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they could be seen at a distance of twenty-four miles. Enor- 
mous masses of rock were torn up and scattered around. Sim- 
ilar masses may be seen round the now inactive mud volcano 
of Monte Zibio, near Sassuolo, in Northern Italy. The sec- 
ondary condition of repose has been maintained for upward pf 
fifteen centuries in the mud volcanoes of Girgenti, the Mfuxu- 
Ittbi, in Sicily, which have been described by the- ancients. 
These salses consist of many contiguous conical hills, from 
eight to ten, or even thirty feet in height, subject to variations 
of elevation as well as of form. Streams of argillaceous mud,, 
attended by a periodic development of gas, flow from the small 
basins at the summits, which are filled with water ; the mud, 
although usually cold, is sometimes at a high temperature, as 
at Damak, in the province of Samarang, in the island of Java. 
The gases that are developed with loud noise difier in their 
nature, consisting, for instance, of hydrogen mixed with naph- 
tha, or of carbonic acid, or, as Parrot and myself have shown 
(in the peninsula of Taman, and in the Vokancitos de Tur^ 
baoo^m South America), of almost pure nitrogen.* 

Mud volcanoes, after the first violent explosion of fire, which 
is not, perhaps, in an equal degree common to all, present to 
the spectator an image of the uninterrupted but weak activity 
of the interior of our planet. The communication with the 
deep strata in which a high temperature prevails is soon closed, 
and the coldness of the mud emissions of the salses seems to in- 
dicate that the seat of the phenomenon can not be far re- 
moved firom the suxfiuse during their ordinary condition. The 
reaction of the interior of the earth on its external surface is 
exhibited with totally diiSbrent force in true volcanoes or igne- 
ous mountains, at points of the earth in which a permanent, 
or, at least, continually-renewed connection with the volcanic 
imce is manifested. We must here carefully distinguish be- 
tween the more or less intensely developed volcanic phenom- 
ena, as, for instance, between earthquakes, thermal, aqueous, 
and gaseous springs, mud volcanoesr and the a{>pearance of 
bell-formed or dome-shaped trachytic rocks without openings ; 
the opening of these rocks, or of the elevated beds of basalt, as 

• Hamboldt, Rd, Hut., t. iii., p. 562-567 ; Atie Centrale, t. i., p. 43 ; 
t. ii., p. 505-515 ; Vues des CordiUdrcMf pi. xli. Regarding the Maeth 
lubi (the Arabic Makhlub, the overthrown or invert from the word 
Khalaba)f and on " the Earth ejecting fluid earth," see Solinus, cap. 5: 
"idem ager Agrigentinoa enictat limosas scaturigenes, et at vene fon- 
tium samciant riyis siibininistrandis, ita in hac Siciliie parte solo nun- 
ouam deficiente, •t«niA rejeotatione terram terra ewanit.*' 

K2 
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craters of eleratKNH ; and, lastly, the elevation of a pennaneat 
volcano in the crater <rf elevation, or among the deSris of its 
earlier formation. At difiere^t periods, and in difierent de- 
grees of activity and force, the permanent volcanoes emit 
steam, acids, luminous scoriae, or, ivhen the renstance can be 
overcome, narrow, hand-like streams ef molten earths. Elas- 
tic vapors sometimes elevate either separate portions of the 
earth's crqst into dome-shaped unopened masses of fddspathic 
trachyte and dolerite {as in Puy de Dome and Chimborazo), 
in consequence of some great or local maniiisstation of £>roe ia 
the interior of our planet, or the upheaved strata are bsoken 
through and curved in such a manner as to Icurm a steep rocky 
ledge on the opposite inner »de, which then constitutes the in- 
closure of a crater of elevation. If this rocky ledge has been 
uplifted from the bottom of the sea, which is by no means al- 
ways the case, it determines the whole physiogninmy and foxm 
of the island. In this manner has arisen the cizcular fonu of 
Palma, which^ has been described with such admirable accu- 
racy by Leopold von Buch, and that of Nisyros.'i^in the iEgean 
Sea. Sometimes half of the annular ledge has been destroy- 
ed, and in the bay &nned by the encroachment of the sea cor- 
allines have built their cellular habitations. Evoi on conti- 
nents craters of elevation ave often filled with water, and em- 
beUi^ in a peculiar maimer the character of the landsoiqae. 
Theix carigin is not connected with any determined species of 
rock : they break out in basalt, trachyte, leucitic porphyry 
(somma), or in doleritic mixtures of augite and laiiaadorite ; 
and hence arise the difierent nature and external consternation 
of these inclosuxes of craters. No phenomena of eruptions are 
iXULuiiested in such craters, as they open no permanent channel 
. of communication with the interior, and it is Imt seldom tha^ 
we meet with -traces of volcanic activity ei^r in the net^- 
borhood or in the interior of these craters. The force which 
was able to produce so important an action must have been 
long accumulating in the interior befiare it could overpower the 
resistance of t^ mass pressing upon it ; it sometimes, iox in- 
stance, on the origin of new islands, will raise granular rocks 
and conglomerated masses (strata of tufa filled with marine 
plants) above the surface of the sea. The compressed vapors 
escape through the crater of dievation, but a large mass soon 
falls back and closes the opening, which had been only &rmed 
by these manifestations of force. No volcano can, therefore, 

* See the interedting little map of tbo island of NisjrxoB, in Hosi^Ji 
Reuen auf den Qrieekuehen In$ei% bd. ii., 1843, «. fi0. 
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be produced . * A volcano, properly so .called, exists oidy where 
a permaneut connection is established between the interior of 
the earth and the atmosphere, and the reaction of the interior 
on the surface then continues during long periods of time. It 
may be interrupted for centuries, as in the case of Vesuvius, 
Fisove,t and then manifest itself with renewed activity. In 
the time of Nero, men were disposed to rank ^tna among 
tbe volcanic mountains which were gradually becoming ex- 
tinct ;t &ad subsequently iEliani even maintained that mar- 
iners could no longer see the sinking summit of the mountain 
fron^ so great a distance at sea. Where these evidences — 
these old scafibldings of eruption, I might almost say — still 
exist, the volcano rises from a crater of elevation, while a high 
Eocky wall surrounds, like an amphitheater, the isolated con- 
teal mount, and forms around it a kind of casing of highly ele^ 

' * LeopM Yoa Bach, Phys. Be$chreibung der CanaritcheJi Insdn^ s. 
326 ; ana his Memoir uber Erhdnmgtcratere nnd Vidqune^ in Poggend., 
AnncU*^ bd. xzxvii., s. 169. 

In his remarks on the separation of Sicily* from Calabria, Strabo gives 
an excellent description of the two modes in which islands are formed: 
"Some islands," he observes (lib. vi., p. 258, ed. Gasaiib.), ''are frag- 
ments of the continent, others have arisen from the sea, as eyeii at the 
present time is known to happen ; for the islands of the great ocean, 
tying fiir from the main laud, have probably been raised from its depths, 
whi&, on the other hacnd, those near promontories appear (according to 
reason) 4o have been separated from the continent." 

t Ocre Fisove (Mons Vesavios^ in Xhe Umbrian language. (Lassen, 
Deutung der Eu^vbinisehen Tafeln in Rhein, Museum ^ 1832, s. 387.) 
The word ochre is very probably genaine Umbrian, and means, accord- 
ing to Festas, fBiouvtain. jEtna would be a burning and shining mount- 
un, if Voss is 4sorrect in stating that Klrvif is an Hellenic sound, and is 
connected with aXdti and aidivog; but the intelUeent wrifer Parthey 
doubts this Hellenic origin on etymological grounds, and also because 
JEtna was by no means regarded as a luminous beacon for ships or 
wanderers, in the same manner as the ever-travailing StromboU (Stron* 
gyle), to which Homer seems to refer in the Odyssey (xii., 68, 202, 
and 219), aud its geographical position was not so well determined. I 
suspect that ^tna would be found to be a Sicilian word, if we had any 
fragmentai^" materials to refer to. According to Diodorus (v., 6), the 
Sicani, or aborigines preceding the Sicilians, were compelled to fly to 
the western part of the islaud. in conse^aence^of successive eruptions 
extending over many years. The most ancient eruption of Mount ^tu» 
on record is that mentioned by Pindar and ^schyius, as occuiring un- 
der Hiero, in the second year of the 75th Olympiad. It is probable 
that Hesiod was aware of the devastating eruptions of JEtna before the 
period of Greek immigration. Thei^ is. however, some doubt regard- 
ing the word Alrvrj in the text of Hesiod, a subject into which I have 
entered at some length in another place. (Humboldt, Ex<imfii$'Critf. 
ie le Giogr,, t. j., p. IC8.) 

t Seneca, E'pUt,^ 79. ( ^lian, Vtvr. Hkt., viii.. 4 * 
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▼ated strata. Occasionally not a trace of this melosnre u 
visible, and the volcano, which is not always conical, rises 
immediately from the neighboring plateau in an elongated 
form, as in the case of Pichincha,* at the foot of which lies^ 
the city of Quito. 

.As the nature of rocks, or the mixture (grouping) of simple 
minerals into granite, gneiss, and mica slate, or into trachyte, 
basalt, and dolorite, is independent of existing climates, and is 
the same under the most varied latitudes of the earth, so also 
we find every where in inorganic nature that the same laws of 
configuration regulate the reciprocal superposition of the strata 
of the earth's crust, cause them to penetrate one another in 
the £)rm of veins, and elevate them by the agency of elastic 
forces. This constant recurrence of the same phenomena is 
most strikingly manifested in volcanoes. When the mariner, 
amid the islands of some distant archipelago, is no lonfi;er guid- 
ed by the light of the same stars with which he had been fa- 
miliar in his native latitude, and sees himself surrounded by 
palms and other forms of an exotic vegetation, he still can 
trace, reflected in the individual characteristics of the land- 
scape, the forms of Vesuvius, of the dome-shaped summits of 
Auvergne, the craters of elevation in the Canaries and Azores, 
or the fissures of eruption in Icelgind. A glance at the satel- 
lite of our planet will impart a wider generalization to this anal- 
ogy of configuration. By means of the charts that have been 
drawn in accordance with the observations made with large 
telescopes, we may recognize in the moon, where water and air 
are both absent, vast craters of elevation surrounding or sup- 

Sorting conical mountains, thus aflbrding incontrovertible evi- 
ence of the effects produced by the reaction of the interior on 
the siurface, favored by the influence of a feebler force of grav- 
itation. 

Although volcanoes are justly termed in many languages 
" fire -emitting mountains,'' mountains of this kind are not 
formed by the gradual accumulation of ejected currents of 
lava, but their origin seems rather to be a general consequence 
of the sudden elevation of soft masses of trachyte or labrador- 
itic augite. The amount of the elevating force is manifested 

* [TluB mountain contains two fannel-shaped craters, apparently re^ 
salting from two seta of eraptions; the western nearly oircolar, and 
having in its center a cone of eraption, from the summit and sides of 
which are no less than seventy vents, some in activity and others ex- 
tinct. It is probable that the larger number of the vents were ]mh' 
4uce4 at periods anterior to history, pi^ubeney , op. oit. , p, 48^. J— Tr 
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by the elevation of the volcano, wkich varies from the incon- 
siderable height of a hill (as the volcano of Cosima, one of the 
Japanese Kurile islands) to that of a cone above 19,000 feet 
in height. It has appeared to me that relations of height have 
a great influence on the occurrence of eruptions, which are 
more frequent in low than in elevated volcanoes. I might in- 
stance the series ptesented by the following moimtains : Stiom- 
boli, 2318 feet ; Guacamayo, in the province of Quixos, from 
which detonations are heard almost daily (I have myself often 
heard them at Chillo, near Quito, a distance of eighty-eight 
miles) ; Vesuvius, 3876 feet; JEtna, 10,871 feet; the Peak 
of Tenerifle, 12,175 feet ; and Cotopaxi, 19,069 feet. If the 
focus of these volcanoes he at an equal depth belo^ the sur- 
face, a greater force must he required where the fused masses 
have to be raised to an elevation six or eight times greater 
than that of the lower eminences. While the volcano ^trom* 
boli (Strongyle) has been incessantly active since the Homeric 
ages, and has served as a beacon-light to guide the mariner in 
the Tyrrhenian Sea, loftier volcanoes have heen characterized 
hy long intervab of quiet. Thus we see that a whole century 
often intervenes between the eruptions of most of the colossi 
which crown the summits of the Cordilleras of the Andes. 
Where we meet with exceptions to this law, to which I long 
since drew attention, they must depend upon the circumstance 
that the connections between the volcanic foci and the crater 
of eruption can not be considered as equally permanent in the 
case of all volcanoes. The channel of commimication may be 
closed ibr a time in the case of the lower ones, so that they 
lees frequently come to a state of eruption, although they do 
not, on that account, approach more nearly to their final ex- 
tinction. 

These relations between the absolute height and the fre- 
quency of volcanic eruptions, as far as they are externally per 
ceptible, are intimately connected with the consideration of 
the local conditions under which lava currents are erupted. 
Eruptions from the crater are very unusual in many mount- 
ains, generally occurring from lateral fissures (as was observed 
in the case of ^tna, in the sixteenth century, by the cele- 
brated historian Bembo, when a youth*), wherever the sides 

. ♦ Petri Bembi Opuscula {JEtna Didlogu$), Basil, 1556, p. 63 : " Qaic- 
qoid in iEtns luatna atero ooalescit, nunquam exit ex cratere superiore, 
quod vol eo iuscondere gravis materia non queat, vel, quia inferius alia 
Hpiramenta sunt, non fit opus. Despumant flammis nrgentibus igueir riyi 
pigro floxa totas delambentea plagas, et in lapidem indareseant." 
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of the tqiAieaTed manntaiiiiinrere least able, firom tlieir configa- 
ration and position, to ofier any resistance. Cones of eruption 
are sometimes uplifted on these fissures ; the larger ones, which 
are erroneously termed 9iew volcanoes, are ranged together in a 
line marking the direction of a fissure, which is soon reclosed, 
while the smaller ones are grouped together, covering- a whok 
district with their dome-like or hive-shaped forms. To the 
latter beioog the hornitos de JoruUo^^ the cone of Vesuvius 
erupted in October, 1822, that of Awatscha, acoor^ag to Pos- 
tels, and those of the lava^field mentioned by Erman, near the 
Baidar Mountains, in the peninsula of Kamtschatka. 

When volcanoes are not isolated in a plain, but «urfounded, 
as in the double chain of the Andes of Quito, by a table-land 
having an elevation from^ nine to thirteen thousand feet, this 
(nrcumstaoce may probably explain the cause why no lava 
streams are formedf during the most dreadful eruption of ig* 
nited sooriie accompanied by detonations heard at a distance 
of more than a hundred miles. Such are the volcanoes of Po- 
payan, those of the elevated j^ateau of Los Pastes and of the 
And^ of Quito, with the exception, perhaps, in the case of 
the latter, of the volcano of Antisana. The height of the cone 
of cinders, and the size and form of the crater, are elements 
of configuration which yield an especial and individual chai^ 
aeter to volcanoes, although the cone -of cinders and the crater 
axe both wholly independent of the dimensions of the mount- 
ain. Vesuvius is more than three times lower than the Peak 
of Tenerifie ; its cone of cinders rises to one third of the height 
of the whole mountain, while the cone of cinders of the Peak 
is only ^^d of its altitude.): In a much higher volcano than 
that of Tenerifie, the B^ucn Pichincha, other relations occur 

* See. my drawing of the voka&o of Jornllo, of ita korniiott and of the 
uplifted malpayt, in my Vuet de CordilUrea, pi. zliii., p. 239. 

[Barckhsirdt states that during the tweaty-^r years that have intei^ 
vened since Baron Humboldt's visit to Jorullo, the hornitos have either 
wholly disappeared 6r completely changed their forms. Bee Atifenthalt 
wU Reisen in Mexico in 1^5 vnd 1804.] — Tr, 

t Humboldt, Essai^ur la Giogr. desPlaniea 0t Tableau Phye. desRi-^ 
gions EqttinoxialeSf 1807, p. 130, and Esaai Oeogn. eur le QUemeiU dee 
Rocheej p. 321. Most of the volcanoes in Java demonstrate that the 
cause of the perfect absence of isrva sti^eams in volcanoes of iiicessaftt 
activity is not alone to be sought for in their form, position, and height. 
Leop. von Buch, Deser. Phye. dee lies Canaries^ p. 419 ; fieiuwanlt and 
Honmann, in Poggend., Aunalen,^ bd. xii., s. 607. 

X [It may be reinarked in general, although the rule is liable to ex- 
ceptions, that the dimensions of a crater are iu an inverse ratio to the 
elevation of the momitaia. Danbeney, op. cit., p. 444.]->- TV. 
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which approach moie nearly to that of VeauTioe. Amoiog aU 
the volcanoes that I have seen in the two hemispheres, th« 
conical form of Cotopa^ is the most heautifuUy regular. A 
sudden fusion of the snow at its eone of cinders announces the 
proximity of the eruption.^ Before the smoke is risible in the 
rarefied strata of air surrounding the summit and the opening 
of the crater, the walls of the cone of cinders are sometuonea 
in a state of glowing heat, when the whole mountain presents 
an appearance of the most fearful and portentous blackness. 
The crater, which, with very few exceptions, occupies the 
summit of the volcano, forms a deep, caldron-Uke valley, which 
is often accessible, and whose bottom is sulject to constaot al- 
terations. The great or lesser depth of the crater is in many 
volcanoes hkewise a sign of the near or distant ^occurrence pf 
an eruption. Long, narrow iissiues, from which vapors issue 
forth, or small rounding hollows filled with molten .masses, al- 
ternately open and close in the caldron-like valley ; the bottom 
rises and sinks, eminences oi 8oori» and cones of eruption are 
formed, rising sometimes far over the waUs of the crater, and 
continuing for years together to impart to the V(dcano a pecul* 
iar character, and then suddenly fall together and disappear 
during a new eruption. The openings of these oones of erup* 
tion, which rise from the bottom of the crater, ouist not, aa is 
too often don^, be confounded with the crater which incloses 
them. If this be inaccessible irom extreme depth and from 
the perpendicular descant, as in the case of the volcano of 
Rucu Pichincha, which is 15,920 feet in height, the traveler 
may look from the edge on the sunuuit of the mountains which 
rise itL the sulphurous atmosphere of the valley at his feet ; 
and I have never beheld a grander or m<^e remaritable picture 
than that pres^ated by this volcano. In the interval between 
two eruptions, a crater may either present no luminouB ap- 
pearance, showing naerely open fissures and ascending vapors, 
or the scarcely heated soil may be covered by enunences of 
scorifls, that admit of being approached without danger, and 
thus present lo the geologist the ^)ectacle of the eruption of 
burning and fused masses, which &\1 back on the ledge of the 
cone of scorisB, and whose appearance is regularly announced 
by small wholly local earthquakes. Lava sometimes streams 
forth from the open fissures and small hollows, without break- 
ing through or escaping beyond the sides of the crater. If, 
however, it does break through^ the newly-opened terrestrial 
stream generally flows in such a quiet and well-defined course, 
that the deep valley, which we term the crater, remains acces- 
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jdble efven daring periods of eruption. It is impossible, with* 
out an exact representation of the configuration — the normal 
type, as it were, of fire-emitting mountains, to form a just idea 
of those phenomena which, owing to fantastic descriptions and 
an undeimed phraseology, have long been comprised under the 
head of craters, tones of eruption, and volcanoes. The mar- 
giiuil ledges of craters vary much less than one would be led 
to suppose. A comparison of Saussure's measurements with 
my own yields the remarkable result, for instance, that in the 
course of forty^nine years (from 1773 to 1822), the elevation 
of the northwestern margin of Mount Vesuvius (Rocca dd 
Palo) may be considered to have remained unchanged.* 

Volcanoes which, Hke the chain of the Andes, lift their sum- 
mits lugh above the boundaries of the region of perpetual snow, 
present peculiar phenomena. The masses of snow, by their 
sudden fusion during eruptions, occasion not only the most fear- 
ful inundations and torrents of water, in which smoking scorisB 
are t)ome along on thick masses of ice, but they likewise ex- 
ercise a constant action, while the volcano is in a state of per- 
fect repose, by infiltration into the fissures of the trachytie rock. 
Cavities which are either on the declivity or at the foot of the 
mountain are gradually converted into subterranean reservoirs 
of water, which communicate by numerous narrow openings 
with mountain streams, as we see exemplified in the highlands 
of Quito. The fishes of these rivulets multiply, especially in 
the obscurity of the hollows ; and when the shocks of earth- 
quakes, which precede all eruptions in the Andes, have vio- 
lently shaken the whole mass of the volcano, these subterra- 
nean caverns are suddenly opened, and water, fishes, and tufar 
ceous mud are all ejected together. It is through this singular 
phenomenont that the inhabitants of the highlands of Quito 
became acquainted with the existence of the little cyclopie 
fishes, tenned by them the prenadiUa. On the night betwebn 
the 19th and 20th of June, 1698, when the summit of Car- 
guairazo, a mountain 19,720 feet in height, fell in, leaving 
only two huge masses of rock remaining of the ledge of the 
crater, a space of nearly thirty-two square miles was over- 
flowed and devastated by streams of Uquid tufa and argilla- 
ceous mud {lodazaies), containing large quantities of dead fish. 

* See the eroiind-work of my measurementB compared with those of 
Baassore and Lord Miato, in the Abhandivngen der Akademie der Wim. 
%u Berlin for the years 1822 and 1823. 

t Pimelodes cyclopam. See Humboldt, Recueil d'ObservaHotu di 
Zdologie et ^Anatomie Comp€tr^e, t. i., p. 21-425. 
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In like manner, the putrid fever, which raged seven years pre- 
viously in the piountain town of Ibarra, north of Quito, was 
ascribed to the ejection of fish from the volcano of Imbaburu* 

Water and mud, which flow not from the crater itself, but 
from the hollows in the trachytic mass of the mountain, can 
not, strictly speaking, be classed among volcanic phenomena. 
They are only indirectly connected with the volcanic activity 
of the mountain, resembling, in jthat respect, the singular me- 
teorological process which I have designated in my earlier writ- 
ings by the term of volcanic storm. The hot stream which 
rises from the crater during the eruption, and spreads itself in 
the atmosphere, condenses into a cloud, and surrounds the col- 
umn of fire and ciiulers which rises to an altitude of many 
thousand feet. The sudden condensation of the vapbrs, and, 
as Gay-Lussac has shown, the formation of a cloud of enor- 
mous extent, increase the electric teni^on. Forked lightning 
flashes from the column of cinders, and it is then easy to dis- 
tinguish (as at the close of the eruption of Mount Vesuvius, in 
the latter end of October, 1822) the rolling thundet of the vol- 
canic storm from the detonations in the interior of the mount- 
ain. The flashes of lightning that darted from the volcanic; 
cloud of steam, as we learn from Olafsen's report, killed eleven 
horses and two men, on the eruption of the volcano of Katla- 
gia, in Iceland, on the 17th of October, 1755. 

Having thus delineated the structure and dynamic activity 
of volcanoes, it now remains tor us to throw a glance at the 
difierences existing in their material products- The subterra- 
nean forces sever old combinations of matter in order to pro- 
duce new ones, and they also continue to act upon matter as 
long as it is in a state of liquefaction from heat, and capable 
of being displaced. The greater or less pressure under which 
merely softened or wholly liquid fluids are solidified, appears to 
constitute the main difference in the formation of Plutonic and 
volcanic rocks. The mineral mass which flows in narrow, 
elongated streams from a volcanic opening (an earth-spring), 
is c^ed lava. Where many such currents meet and are ar- 
rested in their course, they expand in width, filling large.ba- 
sins, in which they become solidified in superimposed strata. 
These few sentences describe the general character of the prod- 
ucts of volcanic activity. 

* [It would appear, as there is no doubt that these fishes proceed from 
the mountain itself, that there mast be lar^e lakes in the interior, which 
m ordinary seasons are oat of the inunediate influence of the volcanio 
action See Danbeney, op. cit, p. 488, 497.] — Tr, 
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liocks which are merely broken through by the volcanic ac- 
tion are often inclosed in the igneous products. Thus I have 
found angular fragments of feldspathic syenite imbedded in the 
black augitic lava of the volcano of Jorulio, in Mexico"; but 
the masses of dolomite and granular limestone, which contain 
magnificent clusters of cr3rstalline fossils (vesuvian and garnets, 
covered with mejonite, nepheiine, and sodalite), are not the 
ejected products of Vesuvius, these belonging rather to very 
generally distributed formations, viz., strata of tu£i, which are 
more ancient than the elevation of the Somma and of Vesu 
vius, and are probably the products of a deep-seated and con 
cealed submarine volcanic action.* We find five metals among 
the products of existing volcanoes, iron, copper, lead, arsenic, 
and selenium, discovered by Stromeyer in the crater of Volca- 
no, f The vapors that rise firom the fumarolles cause the sub- 
limation of the chlorids of iron, copper; lead, and ammonium ; 
iron glancel and chlorid of sodium (the latter often in large 
quantities) fill the cavities of recent lava streams and the fis- 
sures of the margin of the crater. 

The mineral composition of lava differs according to the na^ 
•ture of the crystalline rock of which the volcano is formed, the 
height of the point where the eruption occurs, whether at the 
ibot of the mountain or in the neighborhood of the crater, and 
the condition of temperature of the interior. Vitreous volcanic 
formations, obsidian, pearl-stone, and pumice, are entirely want- 
ing in some volcanoes, while in the case of others they only 
proceed from the crater, or, at any rate, from very considera- 
ble heights. These important and involved relations can only 
be explained by very accurate crystallographic and chemical 
investigations. My fellow-traveler in Siberia, G-ustav Rose, 
an4 subsequently Hermann Abich, have already been abje, 
by their fortunate and ingenious researches, to throw much 
light on the structural relations of the various kinds of vol- 
canic rocks. 

* Leop. yon Bach, in Poggeud., Anndteitt bd. xxxvil., s. 179. 

t [The little island of Volcano is separated from Lipari by a narrow 
channel. It appears to have exhibited strong sigoft of volcanie activ- 
ity long before 'the Christian era, and still emits gaseoos ezhalatifliis. 
Stromeyer detected the presence of selenium in a mixture of sal ammo* 
uiac and sulphur. Another product, supposed to be peculiar to this 
volcano, is boracic acid, which lines the sides of the cavities in beauti- 
ful white silky crystals. Daubeney, op. cit., p. 257,] — Tr, 

X Regarding the ebemical origin of iron glance in volcanic masses, seo 
Mitscherlich, in Poggend., Annalent bd. zv., s. 630 ; and on (he libera 
don of hydrochloric acid in the crater, see Gay-Ltnsac, in the Annai^ 
- ie Chimique el de Physique, t. xzii., p. 423. 
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The greater part of the ^aseeiiding vapor is mese steam. 
When condensed, this iorms springs, as in Pantellaria,'^ where 
they are used hy the goatherds of the island. On the morn- 
ing of the 26th of Octoher, 1822, a current was seen to flow 
from a lateral fissure of the crater of Vesuvius, and was long 
supposed to have been boiling water; it was, however, shown, 
by Monticelli's accurate investigations, to consist of dry ashes, 
which fell like sand, and of lava pulverized by friction. The 
ashes, which sometimes darken the air £>r hours and days to- 
gether, and produce great injury to the vineyards and olive 
groves by adhering to the leaves, indicate by their columnar 
ascent, impelled by vapors, the termination of every great 
earthquake. This is the magnificent phenomenon which 
Pliny the younger, in his celebrated letter to Cornelius Tacitus, 
compares, in the case of Vesuvius, to the form of a lofty and 
thickly -branched and foliaceous pine. That which is de- 
scribed as flames in the eruption of scorice, and the radiance 
of the glowing red clouds that hover over the crater, can not 
be ascribed to the effect of hydrogen gas in a state of combus- 
tion. They are rather reflections of light which issue from 
' molten masses, projected high in the air, and also reflections 
from the burning depths, whence the glowing vapors ascend. 
We will not, however, attempt to decide the nature of the 
flames, which are occasionally seen now, as in the time of 
Strabo, to rise from the deep sea during the activity of littoral 
volcanoes, or shortly before the elevation of a volcanic island- 
When the questions are asked, what is it that burns in the 
volcano ? what excites the heat, fuses together earths and 
metals, aud imparts to lava currents of thick layers a degree 
of heat that lasts for many years ?t it is necessarily implied 
that volcanoes must be connected with the existence of sub- 
stances capable of maintaining combustion, like the beds of 
coal in subterranean flres. According to the diflerent phasee 
of chemical science, bitumen, pyrites, the moist admixture of 
finely-pulverized sulphur and iron, pyrophoric substances, and 
the metals of the alkalies and earths, have in turn been desig- 
nated as the cause of intensely active volcanic phenomena. 
The great chemist. Sir Humphrey Davy, to whom we are in- 
debted for the knowledge of the most combustible metallic 

* [Steam issaes from many parts of this iasalar mountain, and sev- 
eral hot springs gush forth from it, which form together a lake 6000 feet 
in circumference. Danbeney, op. cit.] — Tr. 

t See the beautiful expeiiuieuts on the cooling ol' masses of rock, in 
Bischof's Warmelehrc. s. 3Si. 443. 500-512. 
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BabBtanoes, has himself renounced his bold chemical hypothesu 
in his last work (Consolation in Travel, and last Days of a 
Philosopher) — a work which xsan not fail to excite in the 
reader a feeling of the deepest melancholy. The great mean 
density of the earth (5-44), when compared with the specific 
weight of potassium (0*865), of sodium (0*972), or of the 
metals of the earths (1'2), and the absence of hydrogen gas in 
the gaseoufi emanations from the fissures of craters, and from 
still warm streams of lava, besides many chemical considera- 
tions, stand in opposition with the earlier conjectures of Davy 
and Ampere.* If hydrogen were evolved from erupted lava, 
ho'w great must be the quantity of the gas disengaged, when, 
the seat of the volcanic activity being very low, as in the case 
of the remarkable eruption at the foot pf the Skaptar Jokul in 
Iceland (from the 11th of June to the 3d of August, 1783, 
described by Mackenzie and Soemund Magnussea), a space of 
many square miles was covered by streams of lava, accumu- 
lated to the thickness of several hundred feet ! Similar diffi- 
culties are opposed to the assumption of the penetration of the 
atmospheric air into the crater, or, as it is figuratively ex- 
pressed, the inhalation of tJie earth, when we have regard to * 
the small quantity of nitrogen emitted. So general, deep- 
seated, and far-propagated an activity as that of volcanoes, 
can not assuredly have its source in chemical afiSinity, or in 
the mere contact of individual or merely locally distributed 
substances. Modern geognosyt rather seeks the cause of this 
activity in the increased temperature with the increase of 
depth at all degrees of latitude, in that powerful internal heat 
which our planet owes to its first solidification, its formation 
in the regions of space, and to the spherical contraction of 

* See Berzelius and W6hler, in Poggend., Annalen, bd. i., s. 221, and 
bd. xi., B. 146 ; Gay-Lussac, in the Annales de Ckimie, t. x., xii., p. 422; 
and Bischof 's Reasons against the Chemical Theory of Volcanoes, in the 
EugliBh edition of his Wdrmelehre, p. 297-309. 

t [On the various theories that have been advanced in explanation of 
'volcanic action, see Daabeney On Volcanoes, a work to which we have 
made continual reference during the preceding pages, as it constitutes 
the most recent and perfect compenaium of all the important facts re- 
lating to this subject, and is peculiarly adapted to serve as a source of 
reference to the Cosmos, since the learned author in many instances en- 
ters into a fiill exposition of the views advanced by Bafon Humboldt. 
The appendix contains several valuable notes with reference to the 
most recent works that have appeared on the Continent, on subjects re- 
lating to volcanoes ; among others, an interesting notice of Professor 
Bischof's views " on the origin of the carbonic acid discharged from 
volcanoes," as enounced in his recently published work, Lehrbuck der 
Ohemisehen und Physikalischen Oeologie.'\-r Tr, 
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matter revolving elliptically in a gaseous condition. We baTe 
thus mere conjecture and supposition side by side with cer- 
tain knowledge. A philosophical study of nature strives ever 
to elevate itself above the narrow requirements of mere natural 
description, and does not Consist, as we have already remark* 
ed, in the mere accumulation of isolated facts. The inquir- 
ing and active spirit of man must be sufiered to pass from the 
present to the past, to conjecture all that can not yet be known 
with certainty, and still to dwell with pleasure on the ancient 
myths of geognosy which are presented to us under so many 
various forms. If we consider volcanoes as irregular inter- 
mittent springs, emitting a fluid mixture of oxydized metals, 
alkalies; and earths, flowing gently and calmy wherever they 
find a passage, or being upheaved by the powerful expansive 
force of vapors, we are involuntarily led to remember the geog* 
nostic visions of Plato, according to which hot springs, as well 
as all volcanic igneous streams, were eruptions ths^ might be 
traced back to one generally distributed subterranean cause, 
PyripfUegethon.* 

* According to t^lato's geognostic views, as developed in the Phado, 
Pyriphlegethon plays much tae same part in relation to the activity of 
volcanoes that we now ascribe to the au^entadon of heat as we de- 
scend from the earth's surface, and to the fused condition of its internal 
strata. {PhadOf ed. Ast, p. 603 and 607 ; Annot., p. 808 and 817.) 
** Within the earth, and all around it, are larger atid smaller caverns. 
Water flows there in abundance ; also much fire ^d large sti-eams of 
fire, and streams of moist mud (some purer and others more filthy), 
like those in Sicily, consisting of mud and fire, preceding the great erup- 
tion. These streams fill all places that fiill in the way of their course. 
Pyriphlegethon flows forth into an extensive district horning vnth a 
fierce fire, where it forms a lake larger than our sea, boiling with water 
and mud. From thence it moves in circles round the earth, turbid and 
muddy." This stream of molten earth and mud is so much the general 
cause of volcanic phenomena, that Plato expressly adds, '^thus is Pyri- 
phlegethon constituted, from which also the streams of fire (ot pvcuce^), 
wherever they reach the earth {drry Hv Tvx<^(ri t^C W )» inflate such 
parts (detached fragments)." Volcanic scorite and lava streams are 
therefore portions of Pyriphlegethon itself, portions of the subterranean 
molten and ever-undulating mass. That ol fwaxec are lava streams, and 
not, as Schneider, Passow, and Schleiermacher will have it, " fire-vom- 
iting mountains," is clear enough from many passages, some of which 
have been collected by Ukert (Oeogr^ der Oriechen und RomeTf th. ii., 
s. 200) ; f>va^ is the volcanic phenomenon in reference to its most strik- 
ing characteristic, the lava stream. Hence the expression, the pvoKe^ 
of ^tna. Aristot., Mirah. Atuc, t. ii., p. 833 ; sect. 38, Bekker ; 
Thucyd., iii., 116; Theophrast., Del^ap., 22, p. 427, Schneider; Diod., 
v., 6, and xiv., 59, where are the^ remarkable words, ''Many place* 
near the sea, in the neighborhood of £tna, were leveled to the ground, 
vird rov xaWovfUvov /Maxoc \** Strabo, vi., p. 269 ; xiii., p. 268, and 
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The diflerent volcanoes over the earth's larface, when they 
ar^ considered independently of all climatic difierences, aro 
acutely and charaeteriBtically elaseified as central and linear 
volcanoes. Under the first narae are oomfHised those which 
constitute the central point of many active moutb<« of erup* 
tion, distributed almost regularly in all directions ; under the 
second, those lying at some little distance from one another, 
forming, as it were, chimneys or vents along an extended 
fissure. Linear volcanoes again admit of further subdivision, 
namely, those which rise like separate conical islands from the 
bottom of the sea, being generally parallel with a chain of 
primitive mountains, whose foot they appear to indicate, and 
those volcanic chains which are elevated on the highest ridges 
of these mountain chains, of which they form the summits.* 
The Peak of Tenerifie, for instance, is a central volcano, being 
thfe central point of the volcanic group to which the eruption 
of Palma apd Lancerote may be referred. The long, rampart 
like chain of the Andes, which is sometimes single, and some- 
times divided into two or three parallel branches, connected 
by various transverse ridges, presents, from the south of Chili 
to the northwest coast of America, one of the grandest in- 
stances of a continental volcanic chain. The proximity of 

wbero there is a notiee of the celebrated bomiug mud of the Lelaiitine 
plains, in Eoboea, i., p. 58, Casaub. ; and Appian, De Bello CivUi, v., 
114. The blame which Aristotle throws on the geo^nostical fantasies 
of the Fhtedo {Meteor., ii., 2, 19) is especially applied to the sources of 
the rivers flowing orer the earth's sartace. The distinct statement of 
Plato, that "in Sicily emptions of wet mud precede the glowing (lava^ 
stream," is very remarkable. Observations on ^tna could not have lea 
to such a statement, unless pumice and ashes, formed into a mud-like 
mass by admixture with melted snow and water, during the volcano- 
electric storm in the crater of eruption, were mistaken for elected mud. 
It is more probable that Plato's streams of moist mud {vypoi ir^Aov 
irorafioi) originated in a &int recollection of the salses (mud volcanoes) 
of Agri^entum, which, as I have already mentioned, eject argillaceous 
mud with a loud noise. It is much to be regretted, in reference to this 
subject, that the work of Theophrastus iripi ppoKoc tov ev 'LixeXtay On 
the VoUmUe Stream in Sieilyt to which Diog. Laert., v., 49, refers, has 
not come down to us. 

* Leopold von Buck, PhfHkal. Btsehr^. der Catiaritehen Inseln, s. 
826^407. I doubt if we can agree with the ingenious Charles Darwin 
(Oeohgieal ObtervaHotu oh Volcanic Ttlanda, 1844, p. 127) in regard- 
ing central rolcanoes in general as volcanic chains of small extent on 
parallel fissures. Friedrich Hofiinan believes that in the group of the 
Lipari Islands, which he has so admirably described, and in which two 
eruption fissures intersect near Panaria, he has found an intermediate 
link between the twd prin<sipal modes in. which voleanoes appear, 
namely, the central volcanoes and volcanic chains of Von Bach (Pog 
gendorf, Annalen der Phy$ikt bd. zxvi., s. 81-88). 
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active volcanoes is always manifested in the chain of the An- 
des by the appearance of certain rocks (as dolerite, melaphyre, 
trachyte, andesite, and dioritic porphyry), which divide the so^ 
called primitive rocks, the transition slates and sandstones, and 
the stratified formations. The constant recurrence of this 
phenomenon t5onvinced me long since that these sporadic rocks 
were the seat of volcanic phenomena, and were connected with 
volcanic eruptions. At the foot of the grand Tunguragua, 
near Penipe, on the banks of the Rio Puela, I first distinctly 
observed mica slate resting on granite, broken through by a 
volcanic rock. 

In the volcanic chain of the New Continent, the separata 
volcanoes are occasionally, when near together, in mutual de- 
pendence upon one another ; and it is even seen that the vol- 
caiiic activity for centuries together has moved on in one and 
the same direction, as, for instance, from north to south in the 
province of Quito.* The focus of the volcanic action lies be- 
low the whole of the highlands of this province ; the only 
channels of communication vrith the atmosphere are, howev^ 
eXy those mountains which we designate by special names, as 
the mountains of Pichincha, Cotopaxi, and Tunguragua, and 
which, from their grouping, elevation, and form, constitute th© 
grandest and most picturesque spectacle to be found in axtf 
volcanic district of an equally limited extent. Experience 
shows us, in many^ instances, that the extremities of such 
groups of volcanic chains are connected together by subterra- 
nean communications ; and this fact reminds tis of the ancieat 
and true expression made use of by Seneca,! that the igneoUi 
mountain is only the issue of the more deeply-seated volcanic 
forces. In the Mexican highlands a nfiatual dependence is 

* Hamboldt, Geognost. Beobachi fiber die Vulkane det Hochlandes tfoi^ 
QuitOy in Poggend., Annal. der Physik, bd. xliv., s. 194. 

t Seneca, while he speaks very clearly regarding the problematical 
sinking of ^tna, says in his 79th letter, '* Though this .might happen, 
not because the mountain's height is lowered, but because the fires are 
weakened, and do not blaze out with their former vehemence ; and for 
which reason it is that such vast clouds of smoke are not seen in the 
day-titne. Yet neither of these seem incredible, for the mountain may 
piDSfflbly be consumed b^ being daily devoured, and the fire not be so 
large as formerly, since it is not self-generated here, but is kindled in 
the distant bowels of the earth, and there r^es, beiuff fed with con- 
tinual fuel, not with that of the motmtain, throngh which it only makes 
its passage." The subterranean commnnication, *' by galleries,/' be- 
tween the volcanoes of Sicily, Lipari, Fithecusa (Ischia), and Vesuvius, 
"of the last of which we may conjecture that it formerly burned and 
presented a fiery circle,'* seems fully understood by Strabo (lib. i., p. 
247 and 248). He terms the whole district "ftub-ignedus." 
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also observed to exist among the voleanic moantains Orizac 
ba, Popocatepetl, JoruUo, and Colima ; and I have shown* 
that they ail lie in one direction between 18*" 69' ancl 19"^ 12' 
north latitude, and are situated in "a transverse fissure running 
from sea to sea. The volcano of Jorullo broke forth on the 
29th of September, 1759, exactly 4n this direction, and over 
the same transverse fissure, being elevated to a height of 1604 
feet above the level of the surroimding plain. The mountain 
only once emitted an eruption of lava, in the same manner aa 
is recorded of Mount Epomeo in Ischia, in the year 1302 
But although Jorullo, which is eighty miles frftm any active 
volcano, is in the strict sense of the word a new mountain, it 
must not be compared with Monte Nuovo, near Puzzuoloi 
which first appeared on the 19th of September, 1538, and is 
rather to be classed among craters of elevation. I believe 
that I have furnished a more natural explanation of the erup- 
tion of the Mexican volcano, in comparing its appearance to 
the elevation of the Hill of Methone, now Methana, in the 
peninsula of Tnszene. The description given by Strabo and 
Pausanias of this elevation, led one of the Roman poets, most 
celebrated for his richness of fancy, to develop views which 
agree in a remarkable manner with the theory of modem 
geognosy. " Near Troezene is a tumulus, steep and devoid of 
trees, once a plain, now a mountain. The 'Sapors inclosed in 
dark caverns in vain seek a passage by which they may escape. 
The heaving earth, inflated by the force of the compressed 
vapors, expands Uke a bladder filled with air, or like a goat- 
skin. The ground has remained thus inflated, and the high 
projecting eminence has been solidified by time into a naked 
rock." Thus picturesquely, and, as analogous phenomena 
justify us in believing, thus truly has Ovid described that 
great natural phenomenon which occurred 282 years before 
our era, and, consequently, 45 years before the volcanic sepa- 
ration of Thera (Santorino) and Therasia, between Trcezene 
and Epidaurus, on the same spot where Russegger has found 
veins of trachyte.t 

* Humboldt, Sssai Politique iur la Now. Etpagnci t. ii., p. 173-175. 

t Ovid's description of the emption of Methone (Melam^f xv., p. 296 
306): 

- Near Trcszene stands a hQl, exposed in air 
To winter whids, of leafy shadows bare : 
This once was level ground ; but (strange to tell) 
Th' included vapors, tibat in caverns dwell. 
Laboring with colic pangs, and close confined, 
In vain sought issue for the rumbUng wind : 
Yet sliU they heaved for vent, and heaving stil^ 
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Santormo is the most important of all the islands of erup^ 
tion b^onging to volcanic chains.* ** It combines within it 

As breath extends a bladder, or th6 skins 
Of goats are blown t' inclose tbe hoarded wines ; 
The mountain yet retains a mountain's fkce, 
And gathered rubbish heads the hollow space." 

- Drydm'B T^arulatitnu 

This description of a dome-shaped elevation on the continent is of 
^reat importance iu a geo^nostical point of view, and coincides to a re- 
markable, de^ee with Aristotle's account (Meteor,, ii., 8, 17-19) of the 
apheaval of islands of eruption : ** The heaving of the earth does not 
cease till the wind (ovc/uof) which occasions the shocks has made its 
escape into the crust of the earth. It is not long ago since this actually 
happened at Heraclea in Pontus, and a similar event formerly occurred 
at Hiera, one of the ^olian Islands. A portion of the earth swelled up, 
and with loud noise rose into the form of a hill, till the mighty urging 
blast {nvevna) found an outlet, and ejected sparks and ashes which 
covered the neighborhood of Lipari, and even extended to several 
Italian cities." In this description, the vesicular distension of the 
earth's crust (a stage at which many trachytic mountains have remained) 
is very well distinguished from the eruption itseU'. Strabo, lib. i., p. 
59 (Oasaubon), likdwise describes the phenomenon as it occurred at 
Methone : near the town, in the Bay of Hermione, there arose a flaming 
eruption; a fiery mountain, seven (?) stadia in height, was then thrown 
up, which during the day vims inaccessible from its heat and sulphure- 
ous stench, but at night evolved an agreeable odor (?), and was so hot 
that the sea boiled for a distance of five stadia, and was turbid for full 
twenty stadia, and also was filled with detached masses of rock. Re- 
garding the present minerdlogical character of the peninsula of Methana, 
see Fiedler, Reiee durek Orieckenl^md, th. i., s. 257-263. 

* [I am indebted to the kindness of Professor E. Forbes for the fol- 
lowing interesting account of the island of Sahtorino, and the adjacent 
islands of Neokaimeni and MicrokaimenL ** The aspect of the bay is 
that of a great crater filled with water, Thera and Therasia forming its 
walls, and the other islands being after-productions in its center. W« 
sounded with 250 fathoms of line in the middle of the bay, between 
Therasia and the main islands, but got no bottom. Both these islands 
appear to be similarly formed of successive strata of volcanic ashes, 
which, being of the most vivid and variegated colors, present a striking 
contrast to the black and cindery aspect of the central isles. Neokai- 
meni, the last-formed island, is a great heap of obsidian and scoris. 
So, also, is the greater mass, Microkaimeni, which rises up in a conical 
form, and has a cavity or crater. On one side of this island, however, 
a section is exposed, and cliffs of fine pumiceous ash appear stratified 
iu' the greater islands. In the main islapd, the volcanic strata abut 
against the limestone mass of Mount St. Elias in such tt way as to lead 
to the inference that they were deposited in a sea bottom in which the 
present mountain rose as a submarine mass of rock. The people at 
Santorino assured us that subterranean noises are not unfrequently 
heard, especially during calms and south winds, when they say the 
water of parts of the bay becomes the color of sulphur. M^ own im« 
pretsion is, that this group of islands constitutes a crater or elevation, 
of which the outer ones are the remains of the walls, while the central 
group are of later origin, and consist partly of upheaved sea bottom! 
Vol. I.— L 
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self the history of all islands of elevation. For upward of 
2000 years, as far as history and tiaditiou certify, it would 
appear as if nature were striving to form a volcano in the 
midst of the crater of elevation."* Similar insular elevar 
tious, and almost always at regular intervals of 80 or 90 
year8,t have been manifested in the island of St. Michael, in 
the Azores ; but in this case the bottom of the sea has not 
been elevated at exactly the same parts.t The island which 
Captain Tillard named SabHna, appeared unfortunately at 
a time (the 30 th of January, 1811) when the political rela- 
tions of the maritime nations of Western Europe prevented 
that attention being bestowed upon the subject by scientific 
institutions which was afterward directed to the sudden ap- 
pearance (the 2d of July, 1831), and the speedy destniction of 
the igneous island of Ferdinandea in the Sicilian Sea, b<3tween 
the limestone shores of Sciacca and the purely volcanic island 
of Pantellaria.§ 

and partly of enipted matter — erapted, however, beneath the sarface 
of the water."]— Tr. 

* Loop, von Buch, JPhysik. Beschr. der Canar. Znsel»i s. 356-358, 
and particularly the French translation of this excellent work, p. 402 ; 
and his memoir in Poggendorf 's Annalent bd. xxxviii., a. 183. A sub- 
marine island has quite recently made its appearance within the crater 
of Santorino. In 1810 it was still fifteen fathoms below the sar£eu$e of 
the sea, but in 1830 it had risen to within three or four. It rises steeply 
like a ^reat cone, from the bottom of the sea, and the continuous ac 
tivlty ot the submarine crater is obvious from the circumstance that sul 
phurous acid vapors are mixed with the sea water, in the eastern bay 
of Neokaimeni, in the same manner as at VromoUmni, near Methana. 
Coppered ships lie at anchor in the bay in order to get their bottoms 
cleaned aud polished by this natural (volcanic) process. (Virlet, in the 
Bulletin de la Sociiti 06ologique de France^ t. iii., p. 109, and Fiedler. 
Reise durch Oriechenlandf th. ii., s. 469 and 584.) 

t Appearance of a new island near St. Miguel, one of the Azores, 11th 
of June, 1638, 31st of December, 1719, 13th of June, 1811. 

t [My esteemed friend. Dr. Webster, professor of Chemistry and 
Mineralogy at Harvard College, Cambridge, Massachusetts, U. S., in 
his Deaeription of the Island of St. Miehad, 4*e., Boston, 1822, gives an 
interesting account of the sudden appearance of the island named Sa> 
brina, which was about a mile in circumference, and two or three 
hundred feet above the level of the ocean. After continuing for some 
weeks, it sank, into the sea. Dr. Webster describes the whole of the 
island of St. Michael as volcanic, and containing a number of conical 
hills of trachytej several of which have craters, and appear at some 
former time to have been the openings of volcanoes. The hot springs 
which abound in the island are impregnated with sulphurated hydro- 
gen and carbonic acid gases, appearing, to attest the existence of vol 
cauic action.^ — Tr. 

( Provost, m the Bulletin de la Sociiti Gidogique, t. iii., p. 34 ; Fried- 
rich .H;»ftinRii, Hinterlauene IVerke. bd. ii., s. 4'>l-456. 
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The geographical distribution of the volcanoes which have 
been in a state of activity during historical times, the great 
li amber of insular and Uttoral volcanic mountains, and the oc- 
casional, although ephemeral, eruptions in the bottom of the 
sea, early led to the belief th^^t volcanic activity vi^as connect- 
ed with the neighborhood of the sea, and was dependent upon 
it for its continuance. *' For many hundred years," says Jus- 
tinian, or rather Trogus Pompeius, whom he follows,* " -ZEtna 
and the ^oHan Islands have been burning, and how could 
this have continued so long if the fire had not been f^ by the 

* ** Accedant vicini et perpetui Mtaso mentis ignes et iosalarum 
.£olidam, veluti ipsis ondis alatur inceodium ; neqae euim aliter durare 
tot secolis tantus ignis potuisset, nisi humoris nutrimentis aleretur.*' 
(Justin, Hist. PkUipp.f iv., i.) The volcanic theory with which the 
physical description of Sicily here begins is extremely intricate. Deep 
strata d[ Bolphnr and resin ; a very thin soil ibll of cavities and easily 
fissmred ; violent motion of the waves of the sea, which, as they strike 
together, draw down the air (the wind) for the maintenance of the fire : 
such are the elements of the theory of Trogus. Since he seems from 
Pliny (xi., 52) to have been a physiognomist, we may presume that his 
numerous lost wocks were not confined to history alone. The opinion 
that air is forced into the interior of the earth, there to act on the vol* 
canic furnaces, was connected by the ancients vrith the supposed influ- 
ence of winds from different quarters on the intensity of the -fires burn- 
ing in £tna, Hiera, and Stromboli (See die remarkable passage in 
Strabo, lib. vi^ p. 275 and 276.) The mountain- island of StromboH 
(Strongyle) was regarded, therefore, da the dwelling-place of iEolus, 
" the regulator of the winds," in consequence of the sailors foretelling 
the weather from the activity of the volcanic eruptions of this island. 
The connection between the eruption of a small volcano with the state 
ef the barometer and the direction of the wind is still generally recog- 
nized (Leop. von Buch, Descr» Phys. des lies CanantSf p. 334 ; Hoff> 
mann, in Poggend., AnnaUn^ bd. xxvi., s. viii.), although our present 
knowledge otvolcanic phenomena, and the slight changes of atmos- 
pheric pressure accompanying our winds, do not enable us to offer any 
satisfactory explanation of the &ct. Bembo, who during his youth was 
brought up in Sicily by Greek refugees, gave an agreeable narrative of 
his wanderings, and in his JEtna Dialogus (written in the middle of 
the sixteenth century) advances the theory of the penetration of sea 
water to the veiy center of the volcanic action, and of the necessity of 
the proximity of the sea to active volcanoes. In ascending Mtna, the 
following question was proposed : ** Explana potius nobis quee petiinus, 
ea incendia undo oriantur et orta quomodo perdurent. In omni teUure 
nuspiam majores fistnle aut meatus ampliores sunt quam in locis, quae 
vel man vicina sunt, vel a mari protinus alluuntur : mare erodit ilia 
facillime pergitque in viscera terra;. Itaque cum io aliena regna sibi 
viam faciat, ventis etiam facit; ex quo fit, ut loca qusque maritima 
maxime terrse motibus subiecta sint, parum mediteiTanea. Habes 
quum in sulfiiris venas venti furentes inciderint, unde incendia oriantur 
^tnse tuse. Vides, quse mare in radicibus habeat, qua* sulfurea sit, 
quae cavernosa, <][U8e a mari aliquando perforata ventos admiserit a?stu* 
antes, per quos idonea flamnue materies incenderetnr.*' ' , 
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neighboring sea ?"* In order to explain the necessity of the 
vicinity of the sea, recourse has been had, even in modern 
times, to the hypothesis of the penetration of sea water into 
the foci of volcanic agency, that is to say, into deep-«eated ^ 
terrestrial strata. When I collect together all the facts that 
may be derived from my own observation and the laborious 
researches of others, it appears to me that every thing in this 
involved investigation depends upon the questions whether the 
great quantity of aqueous vapors, which are unquestionably 
exhaled from volcanoes even when in a state of rest, be de- 
rived from sea water impregnated with salt; or rather, perhaps, 
with fresh meteoric water ; or vi^iether the expansive force of 
the vapors (which, at a depth of nearly 94,000 feet, is equal 
to 2800 atmospheres) would be able at different depths to 
counterbalance the hydrostatic pressure of the sea, and thus 
afibrd them, under certain conditions, a free access to the 
focus ;t or whether the fdrmation of metallic chlorids, the 
presence of chlorid of sodium in the fissures of the crater, and 
the frequent mixture of hydrochloric acid with the aqueous 
vapors, necessarily imply access of sea water ; or, finally, 
"whether the repose of volcanoes (either when temporary, or 
permanent and complete) depends upon the closure of the 
channels by which the. sea or meteoric water was conveyed, 
or whether the absence of flames and of exhalations of hydrogen 
(and sulphureted hydrogen gas seems more characteristic of 
Bolfataras than of active volcanoes) is not directly at variance 

* [Althoagh extinct volcanoes seem by no means confined to the 
neighborhood of the present seas, being often scattered over the most 
inland portions of our existini; continents, yet it will appear that, at the 
time at which they were in an active state, the greater part were in the 
neighborhood either of the sea, or of the extensive salt or fresh water 
lakes, which'existed at that period over much of what is now dry land. 
This may be seen either by referring to Dr. Bout's map of Europe, or 
to that publistied by Mr. Lyell in the recent edition of bis Principles of 
Geology (1847), from both of which it^ill become apparent that, at a 
comparativelv recent epoch, those parts of France, of Germany, .of 
Hungary, and of Italy, which afibrd evidences of volcanic action now 
extinct, were covered by the ocean. Daubeney On Volcanoes, p. 605-3 

t Compare Gray-Lussac, 8ur les Volcans, in the Annales de Chimie, 
t. xxii., p. 427, and Bischof, Wdrmelehref s. 272. The eruptions of 
smoke and steam which have at different periods been seqn in Lance 
rote, Iceland, and the Kurile Islands, during the eruption of the neigh 
boring volcanoes, afford indications of the reaction of volcanic roci 
through tense columns of water ; that is to say, these phenomena oc 
cur when the expansive force of the vapor exceeds the hydrostatic 
pressure. 



Digitized 



by Google 



VOLCANOES. ^5 

yiriih the hypothesis of the decomposition of great masses of 
water ?* 

The discussion of these important physical questions does 
not come within the scope of a work of this nature ; hut, while 
we are considering these phenomena, we would enter somewhat 
more into the question of the geographical distribution of still 
active volcanoes. We find, for instance, that in the New World, 
three, viz., Jorullo, Popocatepetl, and the volcimo of De la 
Fragua, are situated at the respective distances of SO, 132, 
and 196 miles from the sea-coast, while in Central Asia, as 
Abel K6mu8att first made known to geognosists, the Thian* 
schan (Celestial Mountains), in wliieh are situated the lava- 
emitting mountain of Pe^han, the solfatara of Urumtsi, and 
the still active igneous mountain (Ho-tscheu) of Turfan, lie at 
an almost equal distance (1480 to 1528 miles) from the shores 
of the Polar Sea and those of the Indian Ocean. Pe-schan is 
also fully 1360 miles distant from the Caspian Sea,t and 172 
and 218 miles from the seas of Issikul and Balkasch. It is 
a fact worthy of notice, that among the four great parallel 
mountain chains which .traverse the Asiatic continent from 
east to west, the A.ltai, the Thianschan, the Kuen-lun, and 
the Himalaya, it is not the latter chain, which is nearest to 
the ocean, but the two inner ranges, the Thianschan and the 
Kueu-lun, at the distance of 1600 and 720 miles from the sea, 
which have fire-emitting mountains like -^tna and Vesuvius, 
~ and generate ammonia like the volcano of Guatimala. Chi- 
nese writers undoubtedly speak of lava streams when they de- 
scribe the emissions of smoke and fiame, which, issuing from 
Pc-schan, devastated a spaice measuring ten Hi in the first 
and seventh centuries of our era. Burning masses of stone 
flowed, according to their description, " like thin melted fat." 
The facts that. have been enumerated, and to which sutHcient 
attention has not been bestowed, render it probable that tlie 
vicinity of the sea, and the penetration of sea water to the foci 
of volcanoes, are not absolutely necessary to the eruption of 

* [See Daubeney On Volcanoes, Part iii., ch. xzxvL, xxjcviii., xxxix.] 
— Tr. 

t Abel B6musat, LeUre a M, Cardier, in the Annalet de Chimie, t. v„ 
p. 137, 

t Humboldt, Asie C&Urale, t. ii., p. 30-33, 38-52, 70-80, and 436-428. 
The existence of active volcanoes in Kordofan, 540 miles from the Red 
Bea, has been recently contradicted by Bappell, ReUen in Nubien, 1829, 
i. 151. 

$ [A /i is a Chinese mc^ijiaremeat, equal to about one tlurtieth of a 
. milo.]— rr. 
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subtorranean fire, and that littoral situations only favor the 
eruption by forming the margin of a deep sea basin, which, 
covered by strata of water, and lying many thousand feet lower 
than the interior continent, can ofier but an inconsiderable 
degree of resistance. 

The present active volcanoes, which communicate by per- 
manent craters simultaneously with the interior of the earth 
and with the atmosphere, must have been formed at a subse- 
quent period, when the upper chalk strata and all the tertiary 
fonrtations were already present : this is shown to be the fact 
by the tradhytic and basaltic eruptions which frequently form 
the walls of the crater of elevation. Melaphyres extend to the 
middle tertiary formations, but are found already in the Jura 
limestone, where they break through the variegated sandstone.* 
We must not confound the earlier outpourings of granite, quartz- 
ose porphyry, and euphotide from temporary fissures in the old 
transition rocks with the present active volcanic craters. 

The extinction of volcanic activity is either only partial — 
in which case the subterranean fire seeks another passage of 
escape in the same mountain chain-— or it is total, as in Au- 
vergne. More recent examples are recorded in historical times, 
of the total extinction of the volcano of Mosychlos,t on the 
island sacred to HephsBstos (Vulcan), whose " high whirling 
flames" were known to Sophocles ; and of the volcano of Me- 
dina, which, aocording to Burckhardt, still continued to pour 
out a stream of lava on the 2d of November, 1276. Every 
stage of volcanic activity, from its first origin to its extinction, 
is characterized by peculiar products ; first by ignited scoriae, 
streama of lava consisting of trachyte, pyroxene, and obsidian, 
and by rapilli and tufaceous ashes, accompanied by the devel- 

* Dufr^noy et Elie de Beanmont, Explication de la Carte O^ologiqtte 
de la France, t i.,p. 89. 

+ Sophocl., P^ttoc^., V. 971 and 972. On the supposed epoch of the 
extinction of the Lemnian fire in the time of Alexander, compare Butt- 
mann, in the Museum der AltertkufMwiisenschaft, bd. i., 1807, s. 295 ; 
Dureau de la Malle, in Malte-Brun, Annates des VoyageSy t. ix., 1809, 
p. 5 ; Ukert, in Bertucfa, Oeogr. Ephemeriden, bd. xxxix., 1812, s. 361 ; 
Rhode, Ret Lemnica, 1829, p. 8 ; and Walter, Ueber Abnahme der VuU 
kan, TkdHgheU in Historiscken Zeiten^ 1844, s. 24. The chart of Lem- 
nos, constructed by Choiseul, makes it extremely probable that the ex- 
tinct crater of Mosychlos, and the island of Chryse, the desert habitation 
of Philoctetes (Ottried Mflller, Minyer, s. 300), have been long swal- 
lowed up by the sea. Reefs and shoals, to the northeast of Lemnos, 
■till indicate the spot where the ^gean Sea once possessed an active 
volcano like ^tna, VesuTius, Stromboli, and Volcano (in the Lipari 
Isles). 
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opment of large quantities of pure aqueous vapor ; subsequent- 
ly, when the volcano becomes a solfatara, by aqueous vapors 
mixed with sulphureted hydrogen and carbDnic acid gases ; 
and, finally, when it is completely cooled, by exhalations of 
carbonic acid alone. There is a remarkable class of igneous 
mountains which do not eject lava, but merely devastating 
streams of hot water,* impregnated with burning sulphur and 
rocks reduced to a state of dust (as, for instance, the Galun- 
gung in Java) ; but whether these mountains present a normal 
condition, or only a certain transitory modification of the vol- 
canic process, must remain undecided until they are visited by 
geologists possessed of a knowledge of chemistry in its present 
condition. 

I have endeavored in the above remarks to furnish a gen- 
eral description of volcanoes — comprising one of the most im- 
portant sections of the history of terrestrial activity — and I 
have based my statements partly on my own observations, but 
more in their general bearin^ on the results yielded by the la- 
bors of my old friend, Leopold von Buch, the greatest geogno- 
sist of our own age, imi the first who recognized the intimate 
connection of volcanic phenomena, and their mutual depend- 
ence upon one another, considered with reference to their rela- 
tions in space. 

Volcanic action, or the reaction of the interior of a planet pn 
its external crust and surface, was long regarded only as an 
isolated phenomenon, and was considered solely with respect 
to the disturbing action of the subterranean force ; and it is 
only in recent times that — greatly to the advantage of geog- 
nostical views based on physical analogies — volcanic forces 
have been regarded %a forming new rode; and trcm$forming 
. those that already existed. We here arrive at the point to 
which I have already alluded, at which a well-grounded study 
of the activity of volcanoes, whether igneous or merely such 
as emit gaseous exhalations, leads us, on the one hand, to the 
mineralogical branch of geognosy (the science of the texture 
and the succession of terrestrial strata), and, on the other, to 
the science of geographical forms and outlines — ^the configura- 
tion of continents and insular groups elevated above the level 

* Compare Beinwardt and Hoffinann, in Poggendorf *b Aniudent bd. 
xii., 8. 607 ; Leop. von Bach, Deter, de» lies Canaries, p. 424-426. The 
eruptions of argillaceous mud at Carguairazo, when that volcano was 
destroyed in 1698, the Lodazales of Igualata, and the Moya of Felileo 
—all on the table-land of Quit >— are volcanic phenomena of a similar 
nature. 
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of the sea. This extended insight into the coi action of nat 
ural phenomena is the result of the philosop iical direction 
which has heen so generally assumed hy the more earnest 
study of geognosy. Increased cultivation 6f science and en- 
largement of political views alike tend to unite elements that 
had long been divided. 

If, instead of classifying rocks according to their varieties of 
form and superposition into stratified and unstratiiied, schistose 
and compact, normal and abnormal, we investigate those |^he- 
nomena of formation and transformation which are still going 
on before our eyes, we shall find that rocks admit of being ar- 
ranged according to four modes of origin. 

Rocks of eruption f which have issued from the interior of 
the earth either in a state of fusion from volcanic act^ion, oi 
in a more or less soft, viscous condition, from Plutonic action. 

Sedimentary rocks, which have been precipitated and de- 
posited on the earth's surface from a fluid, in which the most 
minute particles were either dissolved or held in suspension 
constituting the greater part of the ^secondary (or flotz) and 
tertiary groups. 

Transformed or metamorphic rocks,* in which the internal 
texture and the mode of stratification have been changed, ei- 

* [As the ^octriue of mineral metamorphkm is dow excitii^ very 
general attention^ we subjoin a few explanatory observations by the 
celebrated Swiss philosopher. Professor Studer, taken from the Edinb, 
New PMloi. Joufn.f Jan., 1848 : '^ In its widest sense, mineral meta- 
morpbism means every change of aggregation, structure, or chemical 
condition which rocks have undergone snbseqaently to their deposition 
and stratification, or the effects which have been produced by other 
forces than gravity and cohesion. There fell under this definition, the 
discoloration of the sur&ce of black limestone^by the loss of carbou ; 
the fornaation of brownish-red crasts on rocks of limestone, sandstone, 
many slate stones, serpentine, granite, &c., by the decomposition of iron 
pyrites, or magnetic iron, finely disseminated in the mass of the rock ; 

. the conversion of anhydrite into ^psum, in consequence of the absorp- 
tion of water ; the crumbling of many granites and porphyries into 
gravel, occasioned by the decomposition of the mica and feldspar. In 
ts more limited sense, the term metamorphic is confined to those 
changes of the rock which are produced, not by the effect of the at- 
mospnere or of water on the exposed surfaces, but which are produced, 
directly or indirectly, by agencies seated in the interior of the earth. 
fjk man^r cases the mod0 oi change may be explained by onr physical 

■ or chemical theories, and may be viewed as the effect of tempenitnre 
or of electro-chemical actions. Adjoining rocks, or connecting com- 
munications with the interior of the earth, also distinctly point out the 
seat from which the change proceeds. In many other cases the meta- 
morphic process itself remains a mystery, and fk>m the nature of tha 
proaucts alone do we conclude that such a metamorphic action has 
taken place.] — TV. 
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tber by contact or proximity with a Plutonic or volcaiuc en- 
dogenous rock of eruption,* or, what is more frequently the 
case, by a gaseotis gublimation of substanoest which acoom- 
pany certain masses erupted in a hot, fluid <sonditicm. 

Conglomerates; coaxf^ or finely granular sandstones, or 
breccias composed of mechanically-divided masses .of the three . 
previous species. 

These K>ur modes of formation — iiy the emis»oa of .volcanic 
, masses, as narrow lava streams ; by the action of these masses 
on rocks previously hardened ; by mechanical separation or 
chedaical precipitaticm from Uquids knpregnated with carbonic 
acid ; and, finally, by the cementation of disintegrated rocks 
of heterogeneous nature— are phenom^ia and £>rmative pro- 
cesses wluch must merely be regarded as a faint reflection of 
that more eneigetic activity which must have characterized 
the chaotic condition of the e^lier world under wholly difler- 
ent conditions of pressure and at a higher temperature, not 
only in the whole cvM ^ the eaarth, but likewise in the more 

^ In 9 plan of the neigUxirhood'of Tezcaco, Totomlco, and Moraa 
J^Atlas 06ographique «f Phptiqpe, pi. vii.), which I originally (1803) 
intended for a woik which I never published, entitled Pcuigrafia Oeog- 
nostica dettinada al uso de los Jovenes del Colegio de Mineria de Mexi- 
€Of I named (in 1832^ the Plutonic and vblcanic eraptive rocks endoge- 
nous (generated in tne interior), and the Mdimentary and fliHe rocks 
exogenous (or generated externally on the 8aHa0& of the earth). Faai- 
graphically, the former were designated by an arrow directed up* 
ward f , and the latter by the same symbol directed downward |. 
These signs have at least some advanta^ over''the ascending lines, 
which in the older systems represent arbitrarily and vngrace»uly the 
horizentallT ranged sedimentary strata, and their penetration through 
masses of basalt, porphyry, and syenite. The names prc^osed in the 
pasigraphico-geognostic plan were borrowed from De CandoUe's nomen 
clatare, in which endogenous is synonymous with monocotyledonous, 
Mid exogenous with dicotyledonous plants. MohVs more accurate ex- 
amination of vegetable tissues has, however, shown that the growth of - 
monocotyledons from within, and dicotyledons from without, .is not 
strictly and generally true for vegetable or^nisms (Link, Elanenia 
Philosophue Botaniea,t. i., 1J837,, p. 287 ; Endlicher aud.Unger, Orund- 
xitge der Botanik^ 1843, s. 89 ; and Jussieu, TraiU de Bottsniquef t, u, 
p. 85). The rocks which I have termed endogenous are characteristic- 
ally distinguished by Lyell,in his Prineipiet of Geology ^ 1833, vol. iii.^ 
p. 374, as " netber-formed" or ** hypogene rooks." 

t Compare Loop, von Buch, jfeber Dohmit als Oebirgsarij 1823, s. 
36 ; and his remarks on the degree of fluidity to be ascribied to Plutonic 
rocks at the period of their eruption, as well as on the formation of 
gneiss from schist, through the action of granite and of the substanc^i 
upheaved with it^ to be found in the Abhandl, der Akad. der Wissen^ 
^,zu Berlin for the year 1842, s. 58 und 63, and in the Jahrbwchffn 
WUsensehafUiehe KrUik, 1840, s. 195. 
• 1^3 
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extended atmosphere, overloaded with vapors. The vast fis- 
sures which were formerly open in the solid crust of the earth 
have since been filled up or closed by the protrusion of eleva- 
ted mountain chains, or by the penetration of veins of rocks of 
eruption (granite, porph^^ry, basalt, and melaphyre) ; and while, 
on a superficial area equal to that of Europe, there are now 
scarcely more than four volcanoes remaining through which 
fire and stones are erupted, the thinner, more fissured, and un- 
stable crust of the earth was anciently almost every where 
covered by channels of communication between the 'fused in- 
terior and the external atmosphere. Gaseous emanations, ris- 
ing from very unequal depths, and therefore conveying sub- 
stances difiering in their chemical nature, imparted greater 
activity to the Plutonic processes of formation and transform- 
ation. The sedimentary formations, the deposits of liquid fluids 
from cold and hot springs, which we daily see producing the 
travertine strata near Rome, and near Hobart Town in Van 
Diemen's Land, a^rd but a faint idea of the fiotz formation. 
In our seas, small banks of limestone, almost equal in hardness 
at some parts to Carrara marble,* are in the course of forma- 
tion, by gradual precipitation, accumulation, and cementation 
— ^processes whose mode of action has not been sufficiently 
well, investigated. The Sicilian coast, the island of Ascension, 
and King George's Sound in Australia, are instances of this 
mode of formation. On the coasts of the Antilles, these 
formations of the present ocean contain articles of pottery, 
and other objects of human industry, and in Guadaloupe even 
human skeletons of the Carib tribes.t The negroes of the 
French colonies designate these formations by the name of 
Mdconne-dtm-Dteu^t A small oolitic bed, formed in Lan- 
cerote, one of the Canary Islands, 'and which, notwithstand- 

* Darwin, Voleanie Ulanda, 1844, p. 49 and 154. 

t [In moat instances the bones are dispersed ; but a larg&alab of rock, 
in wluoh a considentble portion of the skeleton of a female is imbedded, 
is preserved in the British Moseam. The presence of these bones has 
been explained by the circomstance of a battle, and the massacre of a 
tribe of Gallibis by the Caribs, which took place near the spot in which 
they are fbond, aboift 120 years a^ ; for, as the bodies of the slain 
were interred on the seashore, their skeletons may have been subse- 
quentiy covered by ssmd-drift, which has since consolidated into lime- 
stone. Dr. Monltrie, of the Medical College, Charleston, South Caro- 
Una, U. S., is, however, of opinion that these bones did not belong to 
individoals of the Carib tribe, but of the Peruvian race, or of a tribe 
possessing a.similar cnmiological development. ]—*Tr. 

X Morean de Jonn^s, HuU Pky: da Antilles, t. i., p. 136, 138, and 
543; Humboldt, Relation Hislorigue, t. iii., p. 367. 
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ing its recent formation, bears a resemblance to Jura lime- 
stone, has been recognized as a product of the sea and of tem- 
pests.* 

Composite rocks are definite associations of certain oryctog- 
uostic, simple minerals, as feldspar, mica, solid silex, augite, 
€uid nepheline. Blocks very similar to these, consisting of the 
same elements, but grouped difierently, are still formed by 
volcanic processes, as in the earlier periodsrof the world. The 
character of rocks, as we have already remarked, is so inde- 
pendent of geographical relations of space,t that the geologist 
recognizes with surprise, alike to the north or the south of 
the equator, in the remotest and most dissimilar zones, the 
familiar aspect, and the repetition of even the most minute 
characteristics in the periodic stralification of the silurian 
strata, fjiA in the effects of contact with augitic masses o^ 
eruption. 

We will now enter more fully into the consideration of the 
four modes in which rocks are fonaei — the four phases of 
their formative processes manifested in the stratified and mi- 
stratified portions of the earth's surface ; thus, in the endog- 
enous or erupted rocks, designated by modem geognosists as 
compact and abnormal rocks, we may enumerate the follow- 
ing principal groups as Trnmediate products of terrestrial ac- 
tivity : 

1. Granite and syenite of very difierent respective ages ; 
the granite is firequently the more recent,^ traversing the sy- 
enite in veins, and being, in that case, the active upheaving 
agent. " Where the granite occurs in large, insulated masses 
of a faintly-arched, ellipsoidal form, it is covered by a crust or 
shell clefl into blocks, instances of which are met with alike 
in the Hartz district, in Mysore,^ and in Lower Peru. This 
sea of rocks probably owes its cmgin to a contraction of the 
surface of the granite, owing to the great expansion that ac- 
companied its first upheavaf "§ 

Both in Northern Asia,D on the charming and romantic 
shores of the Lake of Kolivan, on the northwest declivity of 

* Near Tegui^a* Leop. von Buch, Canaritehe Inteln, s. 301. 

t Leop. von Bach, op. cit., p. 9. 

t Benihard Ootta, Oeognone, 1839, s. 273. 

$ Leop. von Bach, Ueber Granii und Gneiss, in the Mhandl, der Berl. 
Akad. for the ^ear 1842, s^ 60. 

II In the projecting mural masses of granite of Lake Kolivan, divided 
into narrow parallel beds, tl^re are nameroas crystals of feldspar and 
albite, and a few of titaniun^ (Humboldt, Asie CetUrale, t, i., p. 295 , 
Gastav Rose, Reite nach aem Urafy bd. i., s. 524). 
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the Altai Mountains, and at Las Trincheras, on the slope oi 
the littoral chain of Caraccas,* I have seen granite divided 
into ledges, owing probahly to a similar contraction, although 
the divisions appeared to penetrate far into the interior, fur- 
ther to the south of Lake Kolivan, toward the boundaries of 
the Chinese province Hi (between Buchtarminsk and the 
River Narym), the formation of the erupted rock, in which 
there is no gneiss, is more remarkable than I ever observed in 
any other part of the earth. The granite, which is always 
covered with scales and characterized by tabular divisions, 
rises in the steppes, either in small hemispherical eminences, 
scarcely six or eight feet in height, or like basalt, in mounds, 
terminating on either side of their bases in narrow streams.f 
At the cataracts of the Orinoco, as well as in the district 
of the Fichtelgebirge (Seissen), in Galicia, and between the 
Pacific and the highlands of Mexico (on the Papagallo), I 
have seen granite in large, flattened spherical masses, which 
could be divided, like basalt, into concentric layers. In the 
valley of Irtysch, between Buchtarminsk and Ustkamenogorsk, 
granite covers transition slate for a space of four miles,! pen- 
etrating into it from above in narrow, variously ramified, 
wedge-like veins. I have only instanced these peculiarities 
in order to designate the individual jcharacter of one of the 
most generally diffused erupted rocks. As granite is super- 
posed on slate in Siberia and in the Departement de Finisterre 
(Isle de Mihau), so it covers the Jura limestone in the mount- 
ains of (Xsons (Ferments), and syenite, and indirectly also 
chalk, in Saxony, near Weinbohla.} Near Mursinsk, in the 
Uralian district, granite is of a drusous character, and here 
the pores, like the fissures and cavities of recent volcanic prod- 
ucts, inclose many kinds of magnificent crystals, especially 
beryls and topazes. 

2. Quartzose porphyry is often found in the relation of 
veins to other rocks. The base is generally a finely granular 
mixture of the same elements which occur in the larger im- 

• Humboldt, Relation Historiquef t. ii., p. 99. 

t See the sketch of Biri-tan, which I took from the south side, where 
the Kirghis tents stood, and which is given in Rose's Reise, bd. i., s. 584. , 
On spheres of granite scaling off concentrically, see my Relat. Hist., t. 
ii., p. 497, and Essai O6ogn. sur let Oisement des Roches, p. 78. 

t Hamboldt, Atie Cewtrcde, t. i., p. 299-*dIl, and the drawings in 
Bose'siStfMe, bd. i., s. 611, in which we see the curvature in the layers 
of granite which Loop, von Buch has poi^te^ out as chanicteristic, 

J This remarkable superposition was first described by Weiss in 
i^rsten*s Archvo fitr Ber^bau nnd ffuUentoMC^, bd. xvi., 1827, s. .5, 
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bedded cryst)h.ls. In granitic, porphyry that is very poor in 
quartz, the feldspathic base is almost graniilar and laminated.* 

3. Greenstones, DioritCy are granular mixtures of white 
albite and blackish-green hornblende, forming dioritic porphy- 
ry when the crystals are deposited in a base of denser tissue. 
/The greenstones, either pure, or inclosing laminae of diallage 
(as in the Fichtelgebirge), and passing into serpentine, have 
sometimes, penetrated, in the form of strata, into the old strat- 
ified fissures of green argillaceous slate, but they more fre- 
quently traverse the rocks in veins, or appear as globular 
masses of greenstone, similar to domes of basalt and porphyry, t 

Hypersthene rock is a granular mixture of labradorite and 
hypersthene. 

Euphotide and serpentine, containing sometimes crystals 
of augite and uralite instead of diallage, are thus nearly allied 
to another more frequent, and, I might almost say, more en 
ergetic eruptive rock— ^ugitic porphyry.J 

Melaphyre, augitic, uralitic, and oligoklastic porphyries 
To the last-named species belongs the genuine verd-antique, 
so Celebrated in the arts. 

Basalt, containing olivine and constituents which gelatin- 
ize in acids ; phonolithe (porphyritic slate), trachyte, and dol- 
erite ; the first of these jrocks is only partially, and the second 
always, divided into thin laminae, which give them an ap- 
pearance of stratification when- extended over a large space. 
Mesotype and nepheline constitute, according to Giraxd, an 
important part in the composition and internal texture of ba- 
salt. The nepheline contained in l)asalt reminds the geog- 
nosist both of the miascite of the Ilmen Mountains in the 
Ural,§ which has been confounded with granite, and some- 
times contains zirconium, and of the pyroxenic nepheline dis- 
covered by Gumprecht near Lobau and Chemnitz. 

To the second or sedimentary rocks belong the greater part 
of the formations which have been comprised under the old 

* Dafreno^ et Elie de Beaumont, Qiologie de la France, t. i., p. 130. 

t Tliese intercalated beds of diorite play an important part in the 
monntain district of Nailan, near Steben, where I was engaged in 
mininjg operations in the last centory, and with which the happiest as- 
sociations of my early life are connected. Compare Hoffmann, in Pog- 
gendorf*s Annalen, bd. xvi., s. 558. 

X In the soathem and Bashkirian portion of the Ural. Rose, ReUe, 
bd.ii.,8. 171. 

$ G. Bose, Rei9e naeh dem Ural, bd. ii.. s. 47-52. Respecting the 
identity of eleolite and nepheline (the latter containing rather the more 
lime), see Scheerer, in Poggerid., Aniuden, bd. xlix., s. 359-381. 
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iystematic, but not very correct designation of transitumtflptz 
or secondary y and tertia/ry formatiam. If the erupted rocks 
had not exercised an elevating, and, owing to the simultane- 
ous shock of the earth, a disturbing influence on these sedi- 
mentary formations, the surface of our plane.t would hava 
consisted of strata arranged in a uniformly horizontal direc- 
tion above one another. Deprived of mountain chains, on 
whose declivities the gradations of vegetable forms and the 
scale of the diminishing heat of the atmosphere appear to be 
picturesquely reflected — ^furrowed only here and there by val- 
leys of erosion, formed by the force of fresh water moving on 
in gentle undulations, or by the accumulation of detritus,, re- 
sulting from the action of currents of water— continents would 
have presented no other appearance from pole to pole than 
the dreary uniformity of the llanos of South America or the 
steppes of Northern Asia. The vault of heaven would every 
where have appeared to rest on vast plains, and the stars to 
nse as if they emerged from the depths of ocean. Such a 
condition of things could not, however, have generally pre- 
vailed for any length of time in the earlier periods of the 
world, since subterranean forces must have striven in all ep- 
ochs to exert a counteracting influence. 

Sedimentary strata have been either precipitated or depos- 
ited from liquids, according as the materials entering into 
their composition are supposed, whether as limestone or ar- 
gillaceous slate, to be either chemically dissolved or suspend- 
ed and commingled. But earths, when dissolved in fluids 
impregnated with carbonic acid, must be regarded as under- 

foing a mechanical process -^hile they are being precipitated, 
eposited, and accumlilated into strata. This view is of some 
importance with respect to the envelopment of organic bodies 
in petrifying calcareous beds. The most ancient sediments 
of the transition and secondary formations have probably been 
formed from water at a more or less high temperature, an^ 
at a time when the heat of the tipper surface of the earth 
was still very considerable. Considered in this point of view, 
a Plutonic action seems to' aeertain extent also to haV'-e taken 
place in the sedimentary strata, especially the more anient \ 
but these strata appear to have been hardened into 9, schistose 
structure, and under great pressure, and not to have been 
solidified by cooling, hke the rocks that have issued from th€( 
interior, as, for instance, granite, porphyry, and basalt. By 
degrees, as the waters lost their temperature, and were able 
to absorb a copious supply of the carbonic acid gas with which 
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the fftmospbere was overcharged, they became fitted to hold 
in solution a larger quantity of lime. 

The sedimentary strata, setting aside all other exogenous, 
purely mechanical deposits of sand or detritus, are as follows : 

Schisty of the lower and upper transition rock, composing 
the Silurian and devonian formations ; from the lower silurian 
strata, which were once termed cambrian, to the upper strata 
of the old red sandstone or devonian formation, immediately 
in contact with the mountain limestone. 

Carbonifercms deposits : 

Limestones imbedded in the transition an(l carboniferous 
formations ; zechstein, muschelkalk. Jura formatiou and chalk, 
also that portion of the tertiary formation which is not includ- 
ed in sandstone and conglomerate. 

Travertine, fresh- water limestone, and silicious concretions 
of hot springs, formations which have not been produced un- 
der the pressure of a large body of sea water, but almost iii 
immediate contact with the atmosphere, as in shallow marsh- 
es and streams. 

Infusorial deposits : geognostical pheinomena, whose great 
importance in proving the influence of organic activity in the 
formation of the solid part of the earth's crust was first dis- 
covered at a recent period by my highly-gifted friend and fel- 
low-traveler, Ehrenberg. 

If, in this short and superficial view of the mineral con- 
stituents of the ea.rth*s crust, I do not place immediately after 
the simple sedimentary rocks the conglomerates and sandstone 
formations which have also been deposited as sedimentary 
strata firom liquids, and which have been imbedded alternate- 
ly with schist and limestone, it is only because they contain, 
together with the detritus of eruptive and sedimentary rocks, 
also the detritus of gneiss, mica slate, and other metamorphic 
masses. The obscure process of this metamorphism, and the 
action it produces, must therefore compose the third class of 
the fundamental forms of rock. 

Endogenous or erupted iocks (granite, porphyry, and mela- 
phyre) produce, as I have already frequently remarked, not 
only dynamical, shaking, upheaving actions, either vertically 
or laterally displacing the strata, but they also occasion chang- 
es in their chemical composition as weU as in the nature of 
their internal structure; new rocks being thus formed, as 
gneiss, mica slate, and granular limestone (Carrara and Pa- 
rian marble). The old silurian or devonian transition schists, 
the belemnitic limestone of Tarantaise, and the .dull gray cal* 



Digitized 



by Google 



266 COSMOS. 

careous Bandstone (Macigno), i^ich containe alga) fbuad m 
the northern Apennines, oflen assume a new and more brill- 
iant appearance after their metamorphosis, which renders it 
difficult to recognize them. The theory of metamorphism 
was not established until the individual phases of the change 
were followed step by step, and direct chemical experimenta 
on the difierehce in the fusion point, in the pressure and time 
of cooling, were brought in aid of mere inductive conclusions. 
Where the study of chemical combinations is regulated by 
leading ideas,* it may be the means of throwing a clear light 
on the wide field of geognosy, and over the vast laboratory of 
nature in whic& rocks are continually being formed and mod- 
ified by the agency of subterranean forces. The philosophical 
inquirer will escape the deception of sipparent analogies, and 
the danger of being led astray by a narrow view of natural 
phenomena, if he coustantly bear in vie>y the complicated 
conditions which may, by the intensity of tl^eir force, have 
modified the counteracting e&ct of those individual substan 
ces whose nature is better known to us. Simple bodies have, 
no doubt, at all periods, obeyed the same laws of attraction, 
and, wherever apparent contradictions present themselvesi J 
am confident that chemistry will in most cases be able to 
trace the cause to some corresponding error in the experiment. 
Observations made with extreme accuracy over large tracts 
of land, show that erupted rocks have not been produced in an 
irregular and unsystematic manner. In parts of the globe most 
remote from one another, we oilen find that granite, basalt, and 
diorite have exercised a regular and mdform metamorphic ac- 
tion, even in the minutest details, on the strata of argillaeeous 
slate, dense limestone, and the grains of quartz in sandstones. 
As the same endogenous rock manifests almost every where the - 
same degree of activity, so, on the contrary, difierent rocks be- 
longing to the same class, whether to the endogenous or the 
erupted, exhibit great difierences in their character. Intense 
heat has undoubtedly influenced all these phenomena, but the 
degree of fluidity (the more or less jferfect mobility of the parti- 
cles — ^their more viscous composition) has varied very consid- 
erably fiK>m the granite to the basalt, while at difierent geo* 

* See the admirable researches of Mitscberlich, in the Abhandl. det 
Berl. Mad. for the years 1822 and 1823, s. 25-41 ; and in Poggend., 
Annakn, bd. x., s. 137-152; bd. xi., s. 323-332; bd. xli., s. 213-216 
(Gostav Rose^ Ueber BUdung det Kalkspatks und AragonitSy in Pog- 
gend , Annaten^ b^. xli., s, 353-366; Haidinger, in the Transactions 
9ftke Royal Society of Edinburgh, 1827, p. 148.) 
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logical periods (or raetamorphic phases of the earth's crust) 
other substances dissolved in vapors have issued from the in- 
terior of the earth simultaneously with the eruption of granite, 
basalt, greenstone porphyry, and serpentine. This seems a 
fitting place again to draw attention to the fact that, accord- 
ing to the admirable views of modern geognosy, the meta^ 
morphism of rocks is not a mere phenomenon of contact, limit- 
ed to the effect produced by the apposition of two rocks, since 
it comprehends all the generic phenomena that have accom- 
panied the appearance of a particular erupted mass. Even 
where there is no immediate contact, the proximity of such a 
mass gives rise to modifications of solidification, cohesion, gran- 
ulation, and crystallization. 

All eruptive rocks penetrate, as ramifying veins, either intb 
the sedimentary strata, or into other equally endogenous muss- 
es ; but there is a special importance to be attached to the 
difference manifested between Plutonic rocks* (granite, por- 
pbyry, and serpentine) and those termed volcanic in the strict 
sense of the word (as trachyte, basalt, and lava). The rocks 
produced by the activity of our present volcanoes appear as 
band-like streams, but by the confluence of several of them 
they may form an extended basin. Wherever it has been 
possible to trace basaltic eruptions, they have generally been 
found to terminate in slender threads. Examples of these 
narrow openings may be found in three places in Germany : 
in the " PJlaster-kaute" at Marksuhl, eight miles from Ei- 
senach ; in the blue " Kuppe,'' near Eschwege, on the banks 
of the Werra ; and in the Druidical stone on the HoUert road 
(Siegen), where the basalt has broken through the variegated 
sandstone and graywacke slate, and has spread itself into cup- 
like fungoid enlargements, which are either grouped together 
like rows of columns, or are sometimes stratified in thin 1am- 
insB. The case is otherwise with granite, syenite, quartzose 
porphyry, serpentine, and the whole series of ux^stratified com- 
pact rocks, to which, from a predilection for a mythological 
nomenclature, the term Plutonic has been applied. These, 
with the exception of occasional veins, were probably not 
erupted in a state of fusion, but merely in a softened condi- 
tion ; not from narrow fissures, but from long and widely-ex- 
tending gorges. They have been protruded, but have not 
flowed forth, and are found, not in streams like lava, but in 
extended masses.t Some groups of dolerite and trachyte in- 

* [Lyell, Principles of Geology, vol. ixi., p. 353 and 359.]— Tr 

t The description here given of the relations of position under virhich 
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dicate a certain degree of basaltic fluidity ; others, which have 
been expanded into vast craterless donoes, appear to have been 
only in a softened condition at the time ol' their elevation. 
Other trachytes, like those of the Andes, in which I have fre- 
quently perceived a striking analogy with the greenstones and 
syenitic porphyries (which are argentiferous, and without 
quartz), are deposited in the same manner as granite and 
quartzose porphyry. 

Experiments on the changes which the texture and chem- 
ical constitution of rocks experience from the action of heat, 
have shown that volcanic masses* (diorite, augitic porphyry, 
basalt, and the lava of iEtna) yield different products, accord- 
ing to the difference of the pressure imder which they have 
been fused, and the length of time occupied during their cool- 
ing ; thus, where the cooling was rapid, they form a black 
glass, having a homogeneous fracture, and where the c€k)ling 
was slow, a stony mass of granular crystalline structure. In 
the latter case, the crystals are formed partly in cavities and 
partly inclosed in the matrix. The same materials yield the 
most dissimilar products, a fact that is of the greatest import- 
ance in reference to the study of the nature of erupted rocks, and 
of the metamorphic action which they occasion. Carbonate of 
lime, when fused uhder great pressure, does not lose its carbonic 
acid, but becomes, when cooled, granular limestone ;• when 
the crystallization has been effected by the dry method, sac- 
charoidal marble ; while by the humid method, calcareous 
spar and aragonite are produced, the former under a lesser de- 
gree of temperature than the latter.t Differences of temper- 
granite occurs, expresses the general or leading character of the whole 
formation. Bat its aspect at some places leads to the belief that it was 
occasionally more flaid at the period of its eruption. The description 

El by Rose, in his Reiu nach dem Urali bd. i., s. 599, of part of the 
m chain, near the frontiers of the Chinese territories, as well as the 
i^ce i^orded by trachyte, as described by Dafr6noy and Ehe de 
Beaumont, in their Detcriptian Gioloj^ique de la France, t. L, p. 70. 
Having already spoken in the text of the narrow apertures through 
which the basalts have sometimes been effused, I will here notice the 
lar^e fissures, which have acted as conducting passages for melaphyres, 
which must not be confounded with basalts. See Morchison's inter* 
esting account ( The Silurian Svttem, ^. 126^ of a fissure 480 feet wide, 
through which melaphyre has been ejectea, at the coal-mine at Oom- 
brook. Hoar Edge. 

* Sir James Hall, in the Edin. 7^a»».t vol. v., p. 43, and vol. vi., p. 
ri; Gregory Watt, in the PhiL Trans, of the Roy. Soe. of London for 
1804, Part ii., p. '279 ; Dartigues and Fleurieu de Bellevue, in the Jour- 
nal de Physique, t. Ix., p. 456; Bischof, Wdrmelehre, s. 313 und 443. 
f Gastav Rose, in P(>g.5cud., Anualcn, bd. xlii., s 364. 
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aittie likewise modify the direction in which the difierent par- 
ticles arrange themselves in the act of crystallization, and also 
afiect the form of the crystal.* Even when a body is not in 
a fluid condition, the smallest particles may undergo certain 
relations in their various modes of arrangement, which are 
manifested by the different action on light.t The phenojtne- 
na presented by devitrification; and by the formation of steel 
by cementation and casting^the transition of the fibrous into 
the granular tissue of the iron, from the action of heat,t and 
probably, also, by regular and long-continued concussions — 
likewise throw a considerable degree of light on the geological 
process of metamorphism. Heat may even simultaneously in- 
duce opposite actions in crystalline bodies ; for the admirable 
experiments of Mitscherlich have established the fact^ that 
calcareous spar, without altering its condition of aggregation, 
expands in the direction of one of its axes and contracts in 
the other. ^ 

If we pass from these general considerations to individual 
examples, we find that schist is converted, by the vicinity of 
Plutonic erupted rocks, into a bluish-black, glistening roofing 
slate. Here the planes of stratification are intersected by an- 
other system of divisional stratification, almost at right angles 
with the former, II and thus indicating an action subsequent to 
the alteration. The penetration of silica causes the argilla- 
ceous schist to be traversed by quartz, transforming it, in part, 
into whetstone and silicious schist ; the latter sometimes con- 
taining carbon, and being then ci(,pable of producing galvanic 
effects on the nerves. The highest degree of silicification of 
schist is that observed in ribbon jasper, a material highly val- 
uable in the art8,ir and which is produced in the Oural Mount- 

* On tho dimorphism of sulphur, see Mitscherlich, Lehrbuch der 
Chemie, $ 55-^3. 

t On gypsum as a nniaxal crystal, and on the sulphate of magnesia, 
and the oxyds of zinc and nickel, see Mitscherlich, m Poggend., Annor 
Un, bd. xi., s. 328. 

X Goste, V&rmehe am Creutot Hher das br&chig tcerden des StabeisetiM. 
Elie de Beaumont, MSm, Oiol.f t. ii., p. 411. 

$ Mitscherlich, 27e6er die Ausdehnung der Kryttallinrten Korper dvrch 
Me Wdrmelehref in Foggend., AnnaleUt bd. x., s. 151. 

(I On the double system of divisional planes, see Elie de Beaumuut, 
Oiologie de la France^ p. 41 ; Cr^dner, Gepgnone Tkibtri^geits vnd des 
HarzeSf s. 40; and B5mer, Das Rheinische Uebergangsgebirge, 1844, 
■. 5 und 9. 

IT The silica is not merely colored by peroxyd of iron, but is acctim- 
panied by clay, lime, and {M>tash. Rose, Reise, bd. ii.. s. 187. On the 
tormation of jasper by the nctiou of tlioritic p6rpliyry, nngile, nnd liy 
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ains by the contact and eruption of augitic porphyry (at Orsk), 
of dioritic porphyry (at Aufschknl), or of a mafis of hyper- 
sthenic rock conglomerated into spherical masses (at Bogos- 
lowsk). At Monte Serrate, in the island of Elba,, according 
to Frederic Hofiman, and in Tuscany, according to Alexandei 
Brongniart, it is formed by contact with euphotide and ser- 
pentine. 

The contact and Plutonic action of granite have sometimes 
made argillaceous schist granular, as was observed by Gustav 
Rose and myself in the Altai Mountains (within the fortress 
of Buchtarminsk),^ and have transformed it into a mass re- 
sembling e^anite, consistingof a mixture t>f feldspar and mica, 
in which larger lamins of the latter were again imbedded.* 
Most geognosists adhere, with Leopold von Buch, to the well- 
known hypothesis " that all the gneiss in the silurian strata of 
the transition formation, between the Icy Sea and the Gulf of 
Finland, has been produced by the metamorphic action of 
granite.]: In the Alps, at St. Gothard, calcareous marl is 
likewise changed from granite into mica slate, and then trans- 
formed into gneiss.'^ Similar phenomena of the formation of 
gneiss and mica slate through granite present themselves in 
the oolitic group of the Tarantaise,§ in which belemnites are 

persthene rock, see Rose, bd. ii., s. 169, 137, and 192. - See, also, bd. 
1., 8. 427, where there is a drawing of the porphyry spheres between 
which jasper occars, in the calcareoos ^ray wacke of Bogoslowsk, being 
produced by the Platonic influence ot the augitic rock; bd. ii., s. 545; 
and likewise Humboldt, Atie CentrcUe, t. i., p. 486. 

* Rose, Reite nach dem Ural, bd. i., s. 586-588. 

t In respect to the volcanic origin of mica, it is important to notice 
that crystals of mica are found in the basalt of the Bohetnian Mittel^e- 
birge, m the lava that in 1802 was ejected from Vesuvius (Monticelli, 
Sioria del Vetuvio negli Anni 1821 e 1822, $ 99), and in fragments of 
argillaceous slate imbedded in scoriaceous basalt at Hohenfeis, not far 
from Gerolstein, in the Eifel (see Mitscherlich, in Leonhard, BasaUr 
Gehilde, s. 244). On the formation of feldspar in argillaceoos schist, 
through contact with porphyry, occurring between Urval and Poiet 
(Forez), see Dufr6noy, in Qiol, de la France, t. i., p. 137. It is proba- 
bly to a similar contact that certain schists near Paimpol, in Brittany, 
with whose appearance I was much struck, while making a geological 
pedestrian tour throueh that interesting country with Professor Kantb, 
owe their amygdaloid and cellular character, t. i., p. 234. 

t Leopold von Bach, in the Abhandlungen der Akad. der Wissen' 
schaft zu Berlin, am dem Jahr 1842^ s. 63, and in the Jahrbitehem fiir 
WiMentchaftlicke KrUik Jahrg. 1840, s. 196. 

$ Elie de Beaumont, in the Annates de» ScienceM NaturjeUet, t. xv.,- p. 
362-372. *' In approaching the primitive masses of Mout Rosa, and the 
mountains situated to the west of Goni, we perceive that the secondary 
strata gradually lose the characters inherent in their mode of deposition. 
Frequently assuming a character apparently arising fram a perfectly 
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found in rocks, which have some claim to be considered as 
mica slate, and in the schistose group in the western part of 
the island of Elba, near the promontory of Calamita, and the 
Fichtelgebirgejn Baireuth, between Lomitz and Markleiten.* 
Jasper, Tdiich,t as I have already remarked, is a production 
formed by the volcanic action of angitic porphyry, could only 
be obtained in small qyantities by the 'ancients, while another 
material, very generally and efficiently used by them in the 
arts, was granular or saccharoidal marble, which is likewise 
to be regarded solely as a sedimentary stratum altered by ter- 
restrial heat and by proximity with erupted rocks. This opin- 
ion is corroborated by the accurate observations on the phe- 
nomena of contact, by the remarkable experiments on fusion 

distinct cause, but not losiag their stratification, they somewhat resem- 
ble in their physical structure a biaad of half-consumed wood, iu which 
we can follow the traces of the ligneoos fibers beyond the spots which 
continue to present the natural characters of wood." (See, also, the 
Annalei de$ Science* NatureUeSf t. xiv., p. 118-122, and von Decheu, 
QeogTweie, s. 553?^ Among the most sinking proofs of the transforms^ 
tion of rocks by Plutonic action, we must place the belemnites in the 
schists of Nufienen (in the Alpine valley of Bginen and in the Gries- 
glaciers), and the'belemnites found by M. Cbarpentier in the so-called 
primitive limestone on the western descent of the Col de la Seigne, be- 
tween the Enclove de Monjovet and the chiUet of La Lanchotte, and 
which he showed .to me at Bex in the autumn of 1822 {Anrudee de 
Chimie, t. xxiii., p. 262). 

* Hoffmann, in Poggend., Annaien, bd. xvi., s. 552, " Strata of trat; 
sition argillaceous schist in the Fichtel^ebirge, which can be traced for 
a length of 16 miles, are transfoimed into gneiss only at the two ex- 
tremities, where they come iu contact with granite. We can there 
follow the eradua> formation of the sneiss, and the development of the 
mica and of the feldspathic amy^daloids, in the interior of the argilla- 
ceous schist, which indeed contains in itself almost all the elements of 
these substances." 

t Among the works of art which have come down to us from the an 
cient Greeks and Romans, we observe that none of any size — as columns 
or large vases — are formed from jasper ; and even at the present day, 
this substance, in large masses, is only obtained from the Ural Mountains. 
The material worked as jasper from the Rhubarb Mountain (Raveniaga 
Sopka), in Altai, is a beautiful ribboned porphyry. The word jasper 
is derived fiY>m the Semitic languages ; and icom tbQ.«onfused descrip- 
tions of Tbeophrastus {Ve Lapidibus, 23 and 27) and Pliny (xxxvii., 8 
and 9), who rank jasper among tbe ** opaque gems,'^ the name appears 
to have been given to fragments of jaspachcU, and to a substance which 
the ancients termed jaeponyXf which we now know as opal-jasper. 
Pliny considers a piece of jasper eleven inches in length so rare as to 
require his mentioning that he had actually seen such a specimen : 
" Magnitudinem jaspidis undecim unciarum vidimus, formatamque inde 
effi^em Nerouis thoracatam.*' According to Tbeophrastus, the stone 
which he calls emei:sld, and from which large obelislLS were cut, must 
have been an impezfect jasper. . ^ 
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made by Sir James Hall more than half a century ago, and 
by the attentive study of granitic veins, which has contributed 
so largely to the estabhshment of modem geognosy. Some- 
times the erupted rock has not transformed the compact into 
granular limestone to any great depth from the point of con- 
tact. Thus, foy instance, we meet with a slight transforma- 
tion — ^a penumbra — as at Belfast, in Ireland, where the ba- 
saltic veins traverse the chalk, and, sS in the compact o&U 
careous beds, which have been partially inflected by the con- 
tact of syenitic granite^ at the Bridge of Boscampo and the 
Cascade of Conzocoli, in the Tyrol (reiidered celebrated by 
the mention made of it by Count Mazari Peucati).* Another 
mode of transformation occurs where all the strata of the com- 
pact limestone have been changed into granular limestone by 
the action of granite, and syenitic or dioritic porphyry .t 

I would here wish to make special mention of Parian and 
Carrara marbles, which have acquired such celebrity from the 
noble works of art into which they have been converted, and 
which have too long been considered in our gedgnostic collec- 
tions as the main types of primitive limestone. The action 
of granite has been manifested sometimes by immediate con- 
tact, as in the Pyrenees,]: and sometimes, as in the main land 
of Greece, and in the insular groups in the JEgesn Sea, through 
the intermediate layers of gneiss or mica slate. Both cases 
presuppose a simultaneous but heterogeneous prpcess of trans 

* Htimboldt, Ldtre a M. Broehant de VillierMf in the Annales de 
Chimie et de Physique, t. zxiii., p. 261 ; Leop. von Bach, Oeog. Brief e 
uber doe sfidliche Tyrol, 8. 101, 105, und 273. 

t On the transformation of compact into granular limestone by the 
action of granite, in the Pyrenees at the MoTitagnes de Rancie, see 
Dafr6noy, in the MSmoires Giologiquet, t. ii., p. 440 ; and ou similai 
changes in the Montagne* de fOuans, see Ehe de Beaumont, in the 
M^m. G^olog,, t. li., p. 379-415; on a similar effect produced by the 
action of dioritic and pyroxenic porphyry (the ophite described by Elie 
de Beanmont, in the O^ologie de la France, t. i., p. 72), between Tolosa 
and St Sebastian, see Dafr6noy, in the Mim. GSolog., t. ii., p. 130 ; and 
by syenite in the Isle of Skye, where the fossils in the altered llmestouc 
may still be distinguished, see Von Dechen, in his Giognode, p. 573. 
In the transformation of chalk by contact with basalt, the transposition 
of the most minute particles in the prqcesses of crystallization and 
granulation is the more remarkable, because the excellent microscopic 
mvestigations of Ehrenberg have shown that the particles of chalk pre- 
yioasly existed in the form of closed rings. See Poggend., Annalen der 
Phytik, bd. xxxix., s. 105; and on the rings of aragonite deposited 
from solution* see Gustav Rose in vol. xlii., p. 354, of the same journal. 

X Beds of granular limestone in the granite at Fort d*0o and in the 
Mopt de Labourd. See Charpentier. ConttUution Giologiqne des PyrS- 
fi^ef. p. 144, 146. 
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(brmation. In Attica, in the island of Eub(Ba, and in the 
Peloponnesus, it has been remarked, "that the limestone, 
when superposed on mica slate, is beautiful and crystalline in 
proportion to the purity of the latter substance and to the 
smallness of its argillaceous contents ; and, as is well known, 
this rock, together with beds of gneiss, appears at many points, 
at a considerable depth below the surface, in the islands of 
Paros and Aritiparos."* We may here infer the existence of 
an imperfectly metamorphosed flotz formation, if faith can be 
yielded to the testimony of Origen, according to whom, the 
ancient Eleatic, Xenophanes of Colophont (who supposed the 
whole earth's crust to have been once covered by the sea), de- 
clared that marine fossils had been found in the quarries of 
Syracuse, and the impression of a fish (a sardine) in the deepest 
rocks of Paros. The Carrara or Luna marble quarries, which 
constituted the principal source from which statuary marble 
was derived even prior to the time of Augustus, and which 
will probably continue to do so until the quarries of Paros 
shall be reopened, are beds of calcareous sandstone — ^macigno 
— altered by Plut(mic action, and occurring in the insulated 
mountain of Apuana, between gneiss-like mica and talcose 
schist. $ Whether at some points granular limestone may 
not have been formed in the interior of the earth, and been 
raised by gneiss and syenite to the surface, where it forms 
vein-like fissures, t is a question on which I can not hazard 
an opinion, owing to my own want of personal knowledge of 
the subject. 

* Leop. von Bach, Deser. det Canariest p. 394 ; Fiedler, RetMe durch 
dai Konigrach OriechejUand, tb. ii., s., 181, 190, and 516. 

t I have previously alluded to the remarkable passage in Origen's 
PkUo$ophumena' cap. 14 {Opera, ed. Delanie, t. i., p. 893). From the " 
whole context, it seems very improbable that Xenophanes meant an 
impression of a laurel (rvirov idfvtt) instead of an impression of a fish 
{rvnov &^vff(), Delarae is wrong in blaming the correction of Jacob 
Gronovius in changing the laurel into a sardol. The petrifaction of a 
fish is also much more probable than the natural picture of Silenus, 
which, according to Pliny (lib. xxxvi., 5), the qnany-men are stated to 
have met with in Parian marble from Monnt Marpessos. Serviut ad 
Virg.y jEn.f vi., 471. 

t On the geognostic relations of Carrara ( The City of the Moon, Strabo, 
lib. v., p. 222), see Savi, Osservaziotd Mui terreni atUichi Totcani, in 
the Nuo9o Oiomale de* Leiterati di Pisa, and Hoffmann, in Karsten's 
Arehiv fAr Mineralojgie, bd. vi., a. 258*263, as well ss in his Oeogn, 
Reise durch Italian, s. 244-265. 

$ According to the assumption of an excellent and very experienced . 
observer, Karl von Leonhard. See his Jahrbuehf&r Mineralogies 1834 
s. 329, and BeiTihard Cotta, Geognosie, s. 310. 
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Aooording to the admirable observations of Leopold Ton 
Bach, the masses of dolomite fomid in Southern Tyrol, and on 
the Italian side of the Alps, present the most remarkable in- 
stance of metamorphism produced by massive eruptive rocks 
on compact calcareous beds. This formation of the limestone 
seems to have proceeded from the fissures which traverse it in 
all directions. The cavities are every virhere covered with 
rhomboidal crystals of magnesian bitter spar, and the whole 
formation, without any trace of stratification, or of the fossil 
remains which it once contained, consists only of a granular" 
Aggregation of crystals of dolomite. Talc laminsB lie scattered 
here and there in the newly-formed rock, traversed by masses 
of serpentine. In the valley of the Fassa, dolomite rises per- 
pendicularly in smooth walls of dazzling whiteness to a height 
of many thousand feet. It forms sharply-pointed conical 
mountains, clustered together in large numbers, but yet not in 
contact Math each other. The contour of their forms recalls to 
mind the beautiful landscape with which the rich imagination 
of Leonardi da Vinci has embellished the back-ground of the 
portrait of Mona Lisa. 

The geognostic phenomena which we are now describing, 
and which excite the imagination as well as the powers of the 
iptellect, are the result of the action of augitic porphyry man- 
i^ted in its elevating, destroying, and transforming force.* 
The process by which limestone is converted into dolomite is 
not regarded by the illustrious investigator who first drew at- 
tention to the phenomenon as the consequence of the talc being 
derived from the black porphyi^, but rather as a transforma- 
tion simultaneous Math the appearance of this erupted stone 
through Made fissures filled v^th vapors. It remains for future 
inquirers to determine how transformation can have been efiect- 
ed without .contact Math the endogenous stone, where strata 
of dolomite are found to be interspersed in limestone. Where, 
in this case, are we to seek the concealed channels by which 
the Plutonic action is conveyed ? Even here it may not, how- 
ever, be necessary, in conformity with the^old B^oman adage, 
to believe *' that much that is alike in nature may have been 
formed in wholly difierent ways." When we find, over widely- 
extended parts of the earth, that two phenomena are always 
associated together, as, fi>r instance, the occurrence of mela- 

* Leop. von Bach, Oeognostische Briefe an Alex, von Humboldt^ 1824, 
«. 86 ana 82 ; also in the Annalen de Chemie, t. xxiii., p. 276, and in the 
Abhandl. der Berliner Akad. aits der Jahren 1822 vnd 1823, s. 88-136 ; 
Von Dechen, Oeognone, s. 574-576. 
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phyre and the transformation of compact liuestone into a crys- 
talline mass difiering in its chemical character, we are, to a 
certain degree, justified in believing, where the second phe- 
nomenon is manifested unattended by the appearance of the 
first, that this apparent contradiction is owing to the absence, 
in certain cases, of some of the conditions attendant upon the 
exciting causes. Who would call in question the Yolcanic na- 
ture and igneous fluidity of basalt merely because there are 
some rare instances in which basaltic veins, traversing beds 
of coal or strata of sandstone and chalk, have not materially 
deprived the coal of its carbon, nor broken and slacked the 
sandstone, nor converted the chalk into granular marble 1 
Wherever we have obtained even a faint light to guide us in 
the obscure domain of mineral formation, we ought not an* 
gratefully to disregard it, because there may be much that is 
stiU unexplained in the history of the relations of the transi- 
tions, or in the isolated interposition of beds of unaltered strata. 

After having spoken of the alteration of compact carbonate 
of lime into granular limestone and dolomite, it still remains 
for us to mention a third mode of transformation of the same 
mineral, which is ascribed to the emission, in the ancient pe- 
riods of the world, of the vapors of sulphuric acid. This trans- 
formation of limestone into gypsum is analogous to the pene- 
tration of rock salt and sulphur, the latter being deposited 
from sulphureted aqueous vapor. In the loily Cordilleras of 
Quindiu, iar from all volcanoes, I have observed deposits of 
sulphur in fissures in gneiss, while in Sicily (at Cattolica, near 
Girgenti), sulphur, gypsum, and rock salt belong to the most 
recent secondary strata, the chalk formations."*^ I have also 
seen, on the edge of the crater of Vesuvius, fissures filled with 
rock salt, which occurred in such considerable masses as occa- 
sionally to lead to its being disposed of by contraband trade. 
On both declivities of the Pyrenees, the connection of dioni3 
and pyroxene, and dolomite, gypsum, and rock salt, .can not be , 
questioned ;t and here, as in the other phenomena which we 
have been considering, every thing bears evidence of the ac- ' 
tion of subterranean forces on the sedimentary strata of the 
ancient sea. 

There is much difiiiculty in explaining the origin of the beds 
of pure quartz, which occur in such lai^e quantities in South 
America, and impart so peculiar a character to the chain of 

, * Hoffman, Ocogn. iZ^Me, edited by Von Decfaen, s. 1 13^119, and 
380-386; Poggend., Annalen der Physik, bd. xxvi., 8. 41. 

t Dafr6noy, in the Mimoires Oiologiqfieg, t. ii., p. 145 and 179. 
Vol. I.— M 
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the Andes.* In deflcending toward the South Sea, fioin Cax- 
amarca toward Guangamarca, I have observed vast masses 
of quartz, from 7000 to 8000 feet in height, superposed some- 
times on porphyry devoid of quartz, and sometimes on diorite. 
Can these beds have been transformed from sandstone, as 
Elie de Beaumont conjectures in the case of the quartz strata 
on the Col de la Poissonni^re, east of Brian9on ?t In the 
Brazils, in the diamond district of Minas Geraes and St. Paul, 
which has recently been so accurately investigated by Clausen, 
Plutonic action has developed in dioritic veins sometimes ordi- 
nary mica, and sometimes specular iron in quartzose itacol- 
umite. The diamonds of Grammagoa are imbedded in strata 
of solid silica, and are occasionally enveloped in laminss of 
mica, hke the garnets found in mica slate. The diamonds 
that occur furthest to the north, as those discovered in 1829 
at 58^ lat., on the European slope of the Uralian Mountains, 
bear a geognostic rdation to the black carboniferous dolomite 
of Adolfiskoil and to angitic porphyry, although more accu- 
rate observations are required in order fully to elucidate this 
subject. 

Among the most remarkable phenomena of contact, we 
must, finally, enumerate the formation of garnets in argilla- 
ceous schist in contact with basalt and dolerite (as in Northum- 
berland and the island of Anglesea), and the occurrence of a 
vast number of beautiful and most Various crystals, as garnets, 
vesuvian, augite, and ceylanite, on the surfaces of contact be- 
tween the erupted and sedimentary rock, as, for instance, on 
the junction of the syenite of Monzon with dolomite and com- 
pact limestone. § In the island of Elba, masses of serpentine, 
which perhaps nowhere more clearly indicate the character of 
erupted rocks, have occasioned the sublimation of iron glance 
and red oxyd of iron in fissures of calcareous sandstone. || We 
still daily find the same iron glance formed by sublimation 
, from the vapors and the walls of the fissures of open veins on 
the margin of the crater, and in the fresh lava currents of the 
volcanoes of -Stromboli, Vesuvius, and ^tna. V The veins that 

* Humboldt, Ewai Qeogn. sur le CHsement des Roches, p. 93 ; Asie 
CentraUf t. iii., p. 532. 

t Elie de Beaumont, in the Annalta des Sciences Natnrelles, t. xv., p 
362; Marchison, SUwrian System, p. 286. 

t Bose, Reise nach dem Ural, bd. i., s. 364 und 367. 

$ Leop. von Bucb, Briefe, s. 109-129. See, also, Elie de Beaiiuiout, 
On the Contact of Granite with the ^ds of the Jura, in the M4m. 06ol., 
t. ii., p. 408. 11 Hoffman, Reise, s. 30 und 37. 

H On the ciiemtcai proceM in ibo formation of Kpeculur i.*t>4t, sue Gay 
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are thus fonned beneath oar eyes by volcanic forces, where 
the contiguous rock has abready attained a certain degree of 
solidification, show us how, in a similar manner, mineral and 
metallic veins may havd been every where formed in the more 
ancient periods of the world, where Uie soUd but thinner crust 
of our planet, shaken by earthquakes, and t&ai and fissured 
by the change of volume to which it was subjected in cooling, 
may have presented many communications with the interior, 
and many passages for the escape of vapors impregnated with 
earthy and metallic substances. The arrangement of the par- 
ticles in layers parallel with the margins of the veins, the regu- 
lar recurrence of analogous layers on the opposite sides of the 
veins (on their different walls), and, finally, the elongated cel- 
lular cavities in the middle, frequently aHbrd direct evidence 
of the Plutonic process of sublimation in metalliferous veins. 
As the traversing rockft must be of more recent origin than 
the traversed, we leani from the relations of stratification ex- 
isting between the porphyry and the argentiferous ores in the 
Saxon mines (the richest and most important in Germany),, 
that these formaticms are at any rate more recent than the 
vegetable remains feund in carboniferous strata and in the red 
sandstone.* 

All the facts connected with our geological hypotheses on 
the formation of the earth's crust and the metamorphism of 
rocks have been unexpectedly elucidated by the ingenious 
idea which led to a comparison of the slags or scorisB of our 
smelting furnaces with natural minerals, and to the attempt 
of reproducing the latter from their elements.! In all these 
c^rations, the same affinities manifest themselves which de- 
termine chemical combinations both in our laboratories and 
in the interior of the earth. The most considerable part of 

Lasaac, in the AnnaU$ de Chknie, U xxii., p. 415, aAd Mitscherlicb, in 
Foggend., Annalent bd. xv., a. 630. Moreover, crystals of oUyine have 
been formed (probably by miblimation^ in the cavities of the obsidian 
of Gerro del Jacal, which I brought xrom Mexico (Gnstav Boae, in 
Poggend., AnnaUn, bd. x., s, ^3). Hence olivine ocean in basalt, 
lava, obsidian, artificial scoriie, in meteoric stones, in the syenite of Elf- 
dale, and (as hyalosiderite) in the wacke of the Kaiserstahl. 

* Constanthi von Benst, Ueber die PorpkyrgtbUde, 1835, s. 89-96 ; 
also his Beltnektung der Wemet'tehem Oangtheorie, 1840, s. 6 ; and G. 
von Wissenbach, AbbUdttngen taerkw^rdiffsr OangwerhdUnistef 1836, fig. 
12. The ribbon-like stmctore of the veans is, however, no more to be 
regarded of general occurrence than the periodic order of the different 
members of these masses. 

t Mitscherlicb, Ueber die kunetliehe DareteUnng der Mineralten. in 
the AiAcmdl. der Akaderaieder Wiu. zu Berlin, 1823-3, s. 25-41 
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the rimple minerals which characterize the more generally 
difiufled Platonic and erupted rocks, as well as those on which 
they have exercised a metamorphic action, have been produced 
in a crystalline state, and with perfect identity, in artificial 
mineral products. We must, however, distinguish here be- 
tween the scoriffi accidentally formed, and those which have 
been designedly produced by chemists. To the former belong 
feldspar, mica, augite, olivine, hornblende, crystallized oxyd 
of iron, magnetic iron in octahedral crystals, and metallic 
titanium;* to the latter, garnets, idocrase, rubies (equal in 
hardness to those found in the East), bhvine, and augite.t 
These minerals constitute the main constituents of granite, 
gneiss, and mica schist, of basalt, dolerite, and many porphy- 
ries. The artificial produxstion of feldspar and mica is of most 
especial geognostic in^rtance with reference to the theory of 
the formation of gneiss by the metamorphic agency of argilla- 
ceous schist, which contains all the constituents of granite, 

* In scoriae, crystals of feldspar have been discovered by Heine ia 
the refuse of a furnace for copper fusing, near Sangerbausen, and ana- 
lyzed by Kersten (Pogsend., Annalent bd. xxziii., a. 337) ; crystals of 
augite in scoriie, at Safue (Mitscherlicfa, m the AbhandL der Akad, xu 
Berlin^ 1822-23, s. 40); of olivine by SeifstrSm (^Leonhard, BasaU-Oe- 
bildet bd. ii., s. 495) ; of mica in old scoriae of Schloss Garpenberg 
(Mitscherlich, in Leonhard, op. cit., s. 506) ; of magnetic iron in the 
scoriae of Chatillon sur Seine (Leonhard, s. 441) ; and of micaceous iron 
in potter's clay (Mitscherlich, in Leonhard, op. cit, s. 234). 

[See Ebelmer's papers in Ann, de Chimie et de Phytique, 1847 ; also 
keport on the Crysialline Slags, by John Percy, M.D., F.R.S., and 
William HjJlows Miller, M.A., 1847. Dr. Percy, in a communication 
with which he has kindly fiivored me, says that the minerals which he 
has found artificially produced and proved by analysis are Humboldtil- 
ite, gehlenite, olivine, and magnetic oxyd of iron, in octahedral crys- 
tals. He suggests that the circumstance of the prodaction of gehlenite 
at a high temperature in an iron furnace may possibly be maSle avail- 
able by geologists in explaining the formation of the rocks in which the 
natural mineral oc6urs, as in Fassathal in the Tyrol.] — TV. 
_ t Of minerals purposely produced, we may mention idocrase and 
'garnet (Mitscherlich, in Poggend., Annalen der Physik, bd. xxxii., b. 
340) ; ruby (Gaudin, in the Compta Rendu* de VAeadimie de Science, 
t. iv., Part i., p. 999); olivine and augite (Mitscherlich and Berthier, in 
the Annales de Chimie et de Ph^ei^ne, t xxiv., p. 376). Notwithstand- 
ing the greatest possible similarity m ciystalline form, and perfect iden* 
tity in chemical composition, existing, according to Gustay Rose, be- 
tween augite and hornblende, hornblende has never been found accom* 
panying augite in scoriae, nor have chemists ever succeeded in artificial* 
ly producing either hornblende or feldspar (Mitscherlich in Poggend., 
Annalen, bd. xxxiii>, s. 340, and Rose, Reite naeh dem Ural, boTii., a. ■ 
358 und 363). See, also, Beudant, in the Mem, de VAead, dee Seieneea, 
t, viii., p. 221, and BecquerePs ingenious experiments in his TraU' .it 
I Eleetric^U, t. i., p. 334 ; t. iii., p. 218; and t. v., p. 148 and 185 
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potash not excepted.'* It would not 1>3 very surprising, there- 
fere, as is well observed by the distinguished geognosist, Von 
Dechen, if we were to meet with a fragment of gneiss formed 
on the walls of a smelting furnace which was bmlt of argilla- 
ceous slate and graywacke. 

After having taken this general view of the three classes 
of erupted, sedimentary, and metamorphic rocks of the earth's 
crust, it still remains for us to consider the fourth class, com- 
prising conglomerates, or rocks of detritus. The very terra 
recalls the destruction which the earth's crust has sufiered, 
and likewise, perhapn^ remind? up of the process of cementation, 
which has connected together, by means of oxyd of iron, or of 
some argillaceous and calcareous substances, the sometimes 
rounded and sometimes angular portions of fragments. Con- 
glomerates and rocks of detritus, when considered in the widest 
sense of the term, manifest characters of a double origin. The 
substances which enter into their mechanical composition have 
not been alone accumulated by the action of the waves of the 
sea or currents of fresh water, for there are some of these rocks 
the formation of which can not be attributed to the action of 
water. *• When basaltic islands and trachytic rocks rise on 
fissures, friction df the elevated rock against the walls of the 
fissures causes the elevated rock to be inclosed by conglom- 
erates composed of its own matter. The granules composing 
the sandstones of many formations have been separated rather 
by friction against the erupted volcanic or Plutonic rock than 
destroyed by the erosive force of a neighboring sea. The ex- 
istence of these firiction conglomerates^ which are met with in 
enormous masses in both hemispheres, testifies the intensity 
of the force with which the erupted rocks have been propelled 
from the interior through the. earth's crust. This detritus 
has subsequently been taken up by the waters, which have 
then deposited it. in the strata which it still covers. "t Saud- 
stone formations are found imbedded in all strata, from the 
lower Silurian transition stone to the beds of the tertiary form- 
ations, superposed cm the chalk. They are found on the 
^margin of the boundless plains of the New Continent, both 
within and without the tropics, extending like breast-works 
along the ancient shore, against which the sea once broke in 
foaming waves. 

* D'AuOuisson, in the Journal de Physique^ t. Ixviii., p. 128. 

t Leop. von Buch, Oeo^nost. Brief Cj s. 75-8'2, where it is also showr 
why the new red saudstoue (the Todlliegende of the Tharinsian fl5t2 
formaiioii) and the coal measures must be regaixied as produ(*ed h^ 
erupted porphyry. 
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If we cast a ^anee on fhe geographical diatribatioii of 
iDcks, and their relatioiM in space, in that pwtion of the earth's 
crust 'Which is acoesuble to ns, we shall find that the most 
universally distrihnted chemical snhstanoe is uUde add, gen* 
erally in a varioosly-Golored and opaqne form. Next to solid 
sihcic acid we most reckon carhonate of lime, and then the 
comhinations of silicic acid with alumina, potash, and soda, 
with lime, magnesia* and ozyd i^ iron. 

The substances which we designate as roda are determin- 
ate aaaociations of a small number of minerals, in which some 
combine parasitically, as it were, with others, but only under 
definite relations ; thus, for instance, although quartz (silica), 
feldspar, and mica are the principal constituents of granite, 
these minerals also occur, either individually or collectively, 
in many other formations. By way of illustrating how the 
quantitative relations of one feldspathic rock difier from anoth- 
er, richer in mica than the former, I would mention that, ac- 
cording to Mitscherlich, three times more alumina and one 
third more silica than that possessed by feldspar, give the con- 
stituents that enter into the composition of mica. Potash is 
contained in both — a substance whose existence in many kinds 
of rocks is probably antecedent to the dawif of vegetation on 
the earth's surface. 

The order of succession, and the relative age of the difierent 
formations, may be recognized by the superposition of the sed- 
imentary, metamorphic, and conglomerate strata ; by the na- 
ture of the formations traversed by the erupted masses, and 
— ^with the greatest certainty — by the presence of organic re- 
mains and the difierences of their structure. The application 
of botauical and zoological evidence to determine the relative 
age of rocks — ^this cbronometry of the earth's surface, which 
was already present to the lofty mind of Hooke — vindicates one 
of the most glorious epochs of modem geognosy, which has 
finally, on the Continent at least, been emancipated from the 
sway of Semitic doctrines. Palieontological investigations 
have imparted a vivifying breath of grace and diversity to the 
science of the solid structure of the earth. 

The fossiliferous strata contain, entombed within them, the 
floras and faunas of by-gone ages. We ascend the stream of 
time, as in our study of the relations of superposition we de- 
scend deeper and deeper through the difierent strata, in which 
lies revealed before us a past world of animal and vegetable 
life. Far-extending disturoances, the elevation of great mount- 
ain chains, whose relative ages we are able to define, attest ths 
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destruction of auoient and the maai&station of recent organ- 
isms. A few of these older structures have remained in the 
midst of more recent species. Owing to the limited nature of 
our knowledge of existence, and from the figurative terms by 
which we seek to hide our ignorance, we apply the appellation 
recent structure to the historical phenomena of transition man- 
ifested in the organisms as well as in the forms of primitive 
seas and of elevated lands. In some cases these organized 
structures have been preserved perfect in the minut^t details 
of tissues, integument, and articulated parts^ while in others, 
the animal, passing over soft argillaceous mud, has left noth- 
ing but the traces of its course,^ or the Remains of its undi- 
gested food, as in the eoprolites.! In the lower Jura forma- 
tions (the lias of Lyme Regis), the ink bag of the sepia has 
been so wonderfully preserved, that the material, which myr- 

* [Iq certaia localities of the new red sandstone, in the Valley of the 
Connecticut, numerous tridactyl markings have been occasionally ob- 
served on the surface of the slabs of stone when split asunder, in like 
manner as the ripple-marks appear on the successive layers of sandstone 
in Tilgate Forest. Some remarkably distinct impressions of this kind, 
at Turner's Falls (Massachusetts), happening to attract the attention of 
Dr. James Deane, of Greenfield, that sagacious observer was struck 
with their resemblance to the foot-marks left on the mud-banks of the 
adjacent river b;^ the aquatic birds which had recently frequented the 
spot. The specimens collected were submitted to Professor G. Hitch- 
cock, who followed up the inquiry with a zeal and success that b^ve 
led to the most interesting results. No reasonable doubt now exists 
that the imprints in question have been produced by the tracks of bi- 
peds impressed on the stone when in a soft state. The announcement 
of this extraordinary phenomenon was first made by Professor Hitch- 
cock, in the American Journal of Science (January, 1836), and that 
eminent geologist has since published full descriptions of the different 
species of imprints which he has detected, in his splendid work on tho 
geology of Massachusetts. -^ManteU'a Medals of Creation^ rol. ii., p. 810. 
In the work of Dr. Mantell above referred to, there is, in vol. ii., p. 815, 
an admirable diagram of a slab from Turner's Falls, covered with nu- 
merous foot-marks of birds, indicating the track of ten or twelve indi- 
viduals of different sizes. J — Tr, 

t [From the examination of the fossils spoken of by geologists under 
the name of CoproUtei, it is easy to deteiinine the nature of the food of 
the animals, add some other points; and when, as happened occasion- 
ally, the animal was killed while the process of disestion was going on, 
the stomach and intestines being partly filled with half-digested food, 
and exhibiting the ooprolites actually t» sitUf we can make out with 
certainty not only the true nature of the food, but the proportionate size 
of the stomach, and the length and nature of the intestinal canal. With 
m the cavity of the rib of an extinct animal, the paleontologist thus 
finds recorded, in indelible characters, some of those hieroglyphics u|kiii 
which he founds liis history.— TA# Ancient World, by 5. T. Aubted 
1847. p. J73.]— rr. 
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iads of years ago might have served the animal to conceal it> 
self from its enemies, still yields the color with which its image 
may he drawn * In other strata, again, nothing remains hut 
the faint impression of a muscle shell ; hut even this, if it he- 
long to a main division of moUusca,t may serve to show ths 
traveler, in some distant land, the nature of the rock in which 
it is found, and the organic remains with which it is associa- 
ted. Its discovery gives the history of the country in which i^ 
occurs. 

The analytic study of primitive animal and vegetahle lif<r 
has taken a douhle direction : the one is purely morpholog- 
ical, and emhraces, especially, the natural history and phyft- 
iology of organisms, filHng up the chasms in the series of stiD 
living species hy the fossil structures of the primitive world. 
The second is more specially geognostic, considering fossil re- 
mains in their relations to the superposition and relative age 
of the sedimentary formaticms. The former has long predom- 
inated over the latter, and an imperfect and superficial com- 
parison of fossil remains with existing species h^ led to errors, 
which may still he traced in the extraordinary names applied 
to certain natural hodies. It was sought to identify all fossil 
species with those still extant in the same manner as, in the 
sixteenth century, men were led hy false analogies to com- 
pare the animals of the New Continent with those of the Old. 
Peter Camper, Sommering, and Blumenhach had the merit 
of heing the first, hy the scientific application of a more ae- 

* A diacorery made by Miss Mary Anning, who was likewise the 
discoverer of the ooprolites of fish. These coprolites, add the excre- 
ments of the Ichthyosaari, have been found in such abaudauce in En- 
gland (as, for instance, near Lyme Regis), that, according to Bockland's 
expression, they lie Hke potatoes scattered in the ground. See Buck- 
land, Oeology considered wt^ reference to Natural Theology^ vol. i., p. 
18S-Q02 and 305. With respect to the hope expressed by Hooke '* to 
raise a chronology" from the mere study of broken and fossilized shells 
'-' and to state tne interval of time wherein snch. or such catastrophes 
and mutations have happened," see his Potthumoue Worke, Ledure, 
Feb. 29, 1688. 

[Still more wonderful is the preservation of the substlmce of the an- 
iniAl of certain Cephalopodes in the Oxford clay. In some specimens 
recently obtained, and described by Professor Owen, not only the ink 
bag, but the muscular mantle, the head, and its crown of arms, are all 
preserved in connection with the belemnite shell, while one specimen 
exhibits the lar^e eyes and the funnel of the animal, and the remains of 
two fins, in addition to the shell and the ink bag. See Ansted's Ancient 
World, p. 147.]— rr. 

' t Leop. von Buch, in the Abhandlungen der Akad. der Wise, zu Ber 
Un in dem Jahr 1837, s. 64. 



Digitized 



by Google 



PALiEONTOLOGT. 273 

curate comparative anatomy, to throw light on the osteolog* 
ical branch of palaeontology — ^the archaeology of organic life ; 
but the actual geognostic views of the doctrine of fossil re- 
mains, the felicitous combination of the zoological character 
with the order of succession, and the relative ages of strata, are^ 
due to the labors of George Cuvier and Alexander Brongniart. 

The ancient sedimentary formations and those of transi- 
tion rocks exhibit, in the organic remains contained within 
them, a mixture of structures very variously situated on the 
scale of progressively-developed oiganisms. - These strata con- 
tain but few plants, as, for instance, some species of Fuci, 
Lycopodiaces which were probably arborescent, Equisetacece, 
and tropical ferns ; they present, however, a singular associa- 
tion of animal forms, consisting of Crustacea (trilobites with 
reticulated eyes, and Calymene), Brachiopoda {Spirifer^ Or- 
this), elegant Spheronites, nearly allied to the Crinoidea,* Or- 
thoceratites, of the family of the Cephalopoda, corals, and, 
blended with these low organisms, fishes of the^most singular 
forms, imbedded in the upper silurian formations. The fam- 
ily bf the Cephalaspides, whose fragments of the species 
JPterichtys were long held to be trilobites, belongs exclusively 
to the devonian period (the old red), manifesting, according 
to Agassiz, as peculiar a type among fishes as do the Ichthy- 
osauri and Plesiosauri among reptiles.! The Groniatites, of 
the tribe of Ammonites,^ are manifested in the transition 
chalk, in the graywacke of the devonian perio'ds, and even in 
the latest silurian formations. 

The dependence of physiological gradation upon the age of 
the formations, which has not hitherto been shown with per-' 
feet certainty in the case of invertebrata,} is most regularly 
manifested in vertebrated animals. The most ancient of 
these, as we have already seen, are fishes ; next in the order 
of succession of formation, passing from the lower to the up- 
per, come reptiles and mammalia.' The first reptile (a Sau- 
rian, the Monitor of Cuvier), which excited the attention of 
Leibnitz, II is found in cuperiferous schist of the Zechstein of 

* Leop. yon Buch, Oebirgsformatumenvon Russlandf 1840, s. 24-40. 

t Agassiz, Monographie des PoUsotu FoMnle$ du vieuit Orit Rouge, 
p. vi. and 4. 

t Leop^von Bach, in the Abha^dl. der Berl. Aktid., 1838, s. 149-168 ; 
Beyrich, BeUr. xurKenntnif des Rhdnuehen Uebergangsgebirges, 1837, 
§. 45. ~ 

$ Agassiz, Recherehes tvr lea Poittons FoetUee, t. i., IrUrod., p. xviii. ; 
Davy, Contolation in Travel, dial. iii. 

C A Protosaoras, according to Hermann von Meyer. The rib of a 
M 2 
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Thnringia ; the Palfl9osatira& aud ThecodontoAaurus of Bnih 
tol are, according to Murehison, of the same age. The Sau* 
rians are found in large numbers in the musch^kalk,* in the 
keuper, and in Ihe oolitic formations) where they are the most 
numerous. At the period of these formations there existed 
Plesiosauri, having long, swan-like necks consisting of thirty 
vertebrsB; Megalosauri, monsters resembling the crocodile, 
forty-five feet in length, and having feet whose bones were 
like those of terrestrial mammalia, eight species of large-eyed 
Ichthyosauri, the Greosaurus or Lacerta gigarUea of Som- 
mering, and, finally, seven remarkable species of Pterodac- 
tyles,t or Saurians furnished with membranous wings. In 
the chalk the number of the crocodilial Saurians diminishes, 
although this epoch is characterized by the so-called crocodile 
of Maestricht (the Mososaurus of Conybeare), and the colos- 
sal, probably graminivorous Iguanodon. Cuvier has found 
animals belonging to the existing families of the crocodile in 
the tertiary formation, and Scheuchzer's antediluvian man 
{homo diluvii testis), a large salamander allied to the Ax- 
olotl, which I brought with me from the large Mexican l&kes, 
belongs to the most recent fresh-water formations of (Enin- 

The determination of the relative ages of organisms by the 
superposition of the strata has led to important results regard- 
ing the relation^ which have been discovered between extinct 
families and species (the latter being but few in number) and 
those which still exist. Ancient and modem observations 
concur in showing that the fossil floras and faunas difl^r more 
from the present vegetable and animal forms in proportion as 
they belong to lower, that is, more ancient sedimentary for- 
mations. The numerical relations first deduced by Cuvier 

Saarian asserted to have been foand in the moantain limestone (car- 
bonate of lime) of Northumberland (Herm. yon Meyer, Palaolog^ea, s. 
299), is regarded by Lyell {Geology, 1832, vol. i., p. 14S) as very doubt- 
ful. The discoverer himself referred it to the alluvial strata which 
cover the moantain limestone. 

* F. von Albert!, Monographie des Bunien SandsteinSf Musehelkalk§ 
und Keupert, 1834, s. 119 nnd 314. 

t See Hermann von Mey6r's ingenions considerations regarding the 
organization of the flying Saurians, in his Palaologica, s. 228-252. In 
the fossil specimen of the Pterodactylns crassirostris, which^^as well as 
the longer Known P. longirostris (Orntthocephalns of SOmmetingV was 
found at Solenhofen, ir the lithographic slate of the upper Jura forma- 
tion, Professor Goldfnss has even discovered traces of the membranooa 
wing, ** with the impressions of cnrling tufts of hair, in some places a 
(nil inch in length." t [Ansted's Aneieni WorU, p. 56.]— TV. 
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4 

from the great ph^iomena of the metamorphism of organic 
life,* have led, through the admirable labors of Desh^yes and 
Lyell, to the most marked results, especially with reference to 
the difierent groups of the tertiary formations, which contain 
a considerable number of accurately investigated Structures. 
Agassiz, who has examined 1700 species of fossil fishes, and 
who estimates the number of living species which have either 
been described or are preserved ^n museums at 8000, expressly 
says, in his masterly work, that, ** with the exception of a few 
small fossil fishes peculiar to the argillaceous geodes of Green- 
land, he has not found any animal of this class in all the tran 
sition, secondary or tertiary formations, which is specificall) 
identical with any stiU extant fish." He subjoins the im- 
portant observation " that in the lower tertiary ibrmations, 
fyt instance, in the coarse granular calcareous beds, and in the 
London clay,t one third of the fossil fishes belong to wholly 
extinct families. Not a single species of a still extant family 
is to be found under the chalk, while the remarkable family 
. of the Sauraidi (fidies with enameled scales), almost allied 
to reptiles, and which are found from the coal beds — in which 
the larger species lie— to the chalk, where they occur individ- 
ually, bear the same relation to the two families (the Lepi- 
dosteus and Polypterus) which inhabit the American rivers 
and the Nile, as our present elephants and tapirs do to the 
Mastodon and Anaplotheriun of the primitive world, "t 

The beds of chalk which contain two of these sauroid fishes 
and gigantic reptiles, and a whole extinct world of corals and 
muscl^, have been proved by £hrenberg's beautiful discov- 
eries to consist of microscopic Polythalamia, many of which 
sti^ exist in our seas, and in the middle latitudes of the North 
Sea and Baltic. The first group of tertiary formations above 
the chalk, which has been designated as belonging to the 
Eocene Period, does not, therefore, merit. that desigiiatioa, 
since " the davm of the tvorld in which we live extends mu ;h 
further back in the history of the past than we have hithei to 
supposed, "i 

As we have already seen, fishes, which are the most ancient 
of all vertebrata, are found in the silurian transition strata, 

* Oavier, Recherches ntr Us Ossimeiu^FotsileSf t. i., p. 52-67. See, 
alflo, the geological scale of epochs in Phillips's ideology, 1837, p. 166- 
185. t [See IVonden of Geology fVoL i., p. 230.]— Tr 

X Agassiz, PoofoiM FottUet, t. i., p. 30, and t. iii., p. 1*52; Buck- 
land, Geology, vol. i., p. 273-277. 

$ Ehrenberg, Ueber nock \etzt lebende Thierarten der Kreid^ldung, 
in the Abhandl. der BeHiner Akad., 1839, s, 164. 



Digitized 



by Google 



376 COSMOS. 

and then onintermptedly on through all formations to tbe 
strata of the tertiary period, while Saorians begin with the 
zechstone. In like manner, we find the first mammalia 
{Thylacoikerium Frewstii, and T. Bttcklandii^ which are 
nearly allted, according to Valenciennes,'*^ with marsupial an- 
imals) in the oolitic formations (Stonesfield schist), and the 
first birds in the most ancient eretaeeous strata.t Such are, 
accordiug to the present state^of oar knowledge, the lowest) 
limits of fishes, Saurians, mammalia, and bir^. 

Although corals and Serpulidse occur in the most ancient 
formations simultaneou^y with highly-developed Cephalopodes 
and Crustaceans, thus exhibiting the most various orders 
grouped together, we yet discover very determinate laws in 
the case of many individual groups of one and the same or- 
ders. A single species of fossil, as Goniatites, Trilobites, or 
Nummulites, sometimes constitutes whole mountains. Where 
difierent families are blended together, a determinate succes- 
sion of organisms has not only been observed with reference 
to the superposition of the formations, but the. association of 
certain families and species has also been noticed in the lower 
strata of the same formation. By his acute discovery of the 
arrangement of the lobes of their chatuber-suturesj Leopold 
von Buch has been enabled to divide the innumerable quan- 
tity of Ammonites into well-characterized families, and to 
show that Ceratites appertain to the muschelkalk, Arietes to 
the lias, and Goniatites to transition limestone andgraywacke.§ 
The lower limits of Belemnites are, in the keuper, covered by 
Jura hmestone, and their upper limits in the chalk forma- 
tions. il It appears, from what we now know of this subject, 
that the waters must have been inhabited at the same epoch, 
and in the most widely-remote districts of the world, by shell- 
fish, which were, at any rate, in part, identical with the fossil 
remains found in England. Leopold von Buch has discovered 
exogyra and trigonia in the southern hemisphere (volcano of 

* Valenciennes, in the Comptes Rendu* de VAe<zd6mie des Sciencetf t. 
vii., 1838, Part ii., p. 580. 

t In the Weald clay; Bei^dant, Oiologie^ p. 173. The omithoEte« 
increase in nomber in the gypaam of the tertiary formations. Caner 
OtMemau FouUes, t. ii., p. 302-328. 

t [[Recent collections firom the soathem hemisphere sbowvthat this 
distribution was not so oniveiBal dnidng tlie earlier epochs as has gen* 
emlly been supposed. See papers by Darwin, fiharpe, Morris, and 
M'Coy, in the Oeological Joumal.'\ — Tr. ^ 

$ l^epp. yon Bnch, in the Abhandl. der Berl. Akad,, 1830, s. I35nl^ 

f Quenstedt, Flptzgddrge Wftrten^bergty 184^ s. l^i>. 
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Maypo in Chili), and D*Orbigny has described Ammoniie^ 
and Gryphites from the Himalaya and the Indian plains of 
Cutch, these remains being identical with those found in the 
old Jurassic sea of Germany and France. 

The strata which are distinguished by definite kinds of pet- 
rifactions, or by the fragments contained within them, form 
a geognostic horizon, by which the inquirer may guide his 
steps, and arrive at certain conclusions regarding the identity 
or relative age of the formations, the periodic recurrence of 
certain strata, their parallelism, or their total suppression. If 
we classify the type of the sedimentary structures in the sim- 
plest mode of generalization, we arrive at the following series 
in proceeding from below upward : 

1. The so-called transition rocks, in the two divisions of 
upper and lower graywacke (silurian and devonian systems), 
the latter being formerly designated as old red sandstone. 

2. The lotoer trios,* comprising mountain limestone, coal- 
measures, together with the lower new red sandstone (Todt- 
liegende and Zechstein).t 

3. The upper triaSy including variegated' sandstone,t mua- 
chelkalk, and keuper. 

4. Jura limestone (lias and oohte). 

5. Green sandstone, the quader sanstein, upper and lower 
chalk, terminating the secondary formations, which begin with 
limestone. 

6. Tertiary formations in three divisioiis, distinguished as 
granular Hmestone, the hgnites, and the sub-Aponnin^ gravel 
of Italy. 

^ Then follow, in the alluvial beds, the colossal bones of the 
mammtdia .of the primitive world, as the mastodon, dinothe- 

* Quenstedt, Flotzgebirge Wbrtembergs, 1843, s. 13. 

t Murchison makes two divisious of the bunter sandstone, the apper 
being the same as the trias of Albert!, while of the lower division, to 
which the Vosges sandstone of Elie de Beaamont belongs — the zeeh- 
stein and the todtliegende — ^he forms his Permian system. He makes 
the secondary formations commence with the upper trias, that is to say, 
with the upper division of our (German) bunter sandstone, while the 
Permian system, the carboniferous or mountain limestone, and the 
devonian and silurian strata, constitute his paleozoic formations. Ac- 
cording to these views, the chalk and Jura constitute the upper,, and 
the keuper, the muschelkalk, and the bunter sandstone the lower sec- 
ondary formations, while the Permian system and the carbouiferoua 
limestone are the upper, and the devonian and silurian strata are the 
lower palaeozoic formation. The fundamental principles of this general 
classification are developed in the great work m which this indefatiga* 
ble British geologist purposes to describe the geologyof a large part of 
Eastern Europe. 
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riuni, missuriiim, and the megatheridet, among which ii 
Owen's sloth-like mylodon, eleven feet in length,* Besides 
these extinct families, we find the fossil remains of still extant 
animals, as the elephant, rhinoceros, ox, horse, and stag. The 
field near Bogota, called the Campo de Xrigantes, which is 
filled with the hones of mastodons, and in which 1 caused ex- 
cavations to be made, lies 8740 feet above the level of tho 
sea, while the osseous remains, found in the elevated plateaux 
of Mexico, belong to true ^elephants of extinct species.t The 
projecting spurs of the Himalaya, the Sewalik Hills, which 
have been so zealously investigated by Captain CautleyJ and 
Dr. Falconer, and the Cordilleras, whose elevations are, prob- ' 
ably, of very different epochs, contain, besides numerous maSf 
todons, the sivatherium, and the gigantic land tortoise of the 
primitive world {Cchssochdys), which is twelve feet in length 
and six in height, and several exlant families, as elephants, 
rhinoceroses, and girafies; and it ii^ a remarkable fact, that 
these remains are found in a zone which still enjoys the same 
tropical climate which must be supposed to have prevailed at 
the period of the mastodons. § 

Having thus passed in review both the inorganic formations 
of the earth's crust and the animal remains which are con- 
tained within it, another branch of the history of organic life 
still remains for our consideration, viz., the epoch of vegeta 
tion, and the successive floras that have occurred siiiml- 
taneously with the increasing extent of the dry land and the 
modifications of the atmosphere. The oldest transition strata, 
as we have already observed, contain merely cellular marine 
plants, and it is only in the devonian system that a few cryp- 
togamic forms of vascular plants (Calamites and Lycopodi- 
ace») have been observed. |[ Nothing appears to corroborate 

* [See Mantell^s Wondert of Geology , vol. i., p. 168.]— TV. 

t Cavier, OstemenB Fo$nles, 1821. t. i., p. 157, 261, and 264. See,' 
also, Hamboldt, Ueber die Hoehehene von Bogota^ iu the Deutsehen 
Vierteljahr»-schriftt 1839, bd. i., b. 117. 

t [The fossil fauna of the Sewalik range of hills, skirting the south- 
ern base of the Himalaya, has proved more abundant in genera and 
species of mammalia than that of any other region yet explored. As 
a general expression of the leading features, it may be stated, that it 
appears to have been composed of representative forms of all ages, 
from the oldest of the tertiary period fioton to the modern, and of ttll thu 
geographical divisions of tlie Old Continent grouped togetlier into one 
comprehensive fauna. Favna Anti^a Sivaliensie, by Hugh Falconer, 
M.D., and Major P. T. Cautley.]— Tr. 

$ Journal of the Asiatic Society, 1844, No. 15, p. 109. 

(1 Beyrich, in KarstenU Archivfur Mineralogie, 1844, bd. xviii., e 
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the theoretical views that have been started regarding the 
simplicity of primitive forms of organic life, or that vegetable 
preceded animal life, and that the former was necessarily de- 
pendent upon the latter. The existence of races of m^n in- 
habiting the icy regions of the North Polar lands, and whose 
nutriment is solely derived from fish and cetaceans, shows the 
possibility of maintaining life independently of vegetabbe sub- 
stances. After the devonian system and the mountain lime- 
stone, we come to a formation, the botanical analysis of which 
has made such brilliant advances in modern times.* The 
coal measures contain not only fern- like cryptogamic plants 
and phan^ogamic monocotyledons (grasses, yucca-like Lilia- 
ceaB, and palms), but also gymnospermic dicotyledons (Conifenfi 
and Cycadese), amounting in all to nearly 400 species, as char- 
acteristic of the <5oal formations. Of these we will only enu- 
merate arborescent Calamites and Lycopodiacese, scaly Lepi- 
dodendra,- SigillarisB, which attain a height of sixty* feet, and 
are sometimes, found standing upright, being distinguished by 
a double system of vascular bundles, cactus-like StigmariaB, a 
great number of ferns, in some cases the stems, and in others 
the fronds alone being found, indicating by their abundance 
the insular form of the dry land,t CycadeaB,.t especially palms, 
although fewer in number, i Asterophyllites, having whorl-like 
leaves, and allied to the Naiades, with araucaria-like Conifer®, || 
which exhibit faint traces of annual rings. This difierence of 
character from our present vegetation, manifested in the vege- 
tative forms which were so luxuriously developed on the drier 

* By the important labors of Count Sternberg, Adolphe prongniart, 
65ppert, and Lindley. 

t See Robert Brown's Botany of Congo, p. 42, and the Menioir of 
the anfortanate D*UrvUle, De la Dittribuiion des Fougires tur la Sur- 
face du Qlohe Terreaire. 

X Sach are the Cycadete discovered by Count Sternberg in the old 
carboniferous formation at Badnitz, in Bohemia, and described by 
Corda (two species of Cycatides and Zamites Cordai. See G6ppert, 
Fotaile Cycadeen in den ArheUen der Schles. Oetellschaft, fur vaterl. 
CuUw im Jahr 1843,«. 33, 37, 40, and 50). A Cycadea (Pteropbyllum 
gonorrhachis, G6pp.) has also been found in the carboniferous forma- 
tions in Upper Silesia, at KOnigshQtte. 

$ Lindley, FossU Flora, No. xv., p. 163. 

11 FoBsU Conifera, in Buckland's Oeology, p. 483-490. Witham has 
the great merit of having first recognized the existence of Conifene in 
the early vegetation of the old carboniferous formation. Almost all the 
trunks of trees found in this formation were previously regarded as 
palms. The species of the genus Araucaria are, however, not pecul- 
iar to the coal formations of the British Islauds; they likewise occur in 
(Jppcrr Silesia. 

-Digitized by VjOOQ iC 



280 COSMOS. • 

and more elevated portions of the old red sandstone, was main* 
tained through all the subsequent epochs to the most recent 
chalk formations ; amid the peculiar characteristics exhibited 
in the vegetable forms contained in the coal measures, there 
is, however, a strikingly-mariced prevalence of the same fami- 
lies, if not of the same species,*" in all parts of the earth as it 
then existed, as in New Holland,' Canada, Greenland, and 
Melville Island. 

The vegetation of the primitive period exhibits forms which, 
from their simultaneous affinity with several families of the 
present world, testify that many intermediate links must have 
become extinct in the scale of organic development. Thus, 
for example, to mention only two instances, we would notice 
the Lepidodendra, which, according to Lindley, occupy a place 
between the -Coniferse and the Lycopodiaceae,t and the Arau- 
cari8B and pines, which exhibit some pecuharities in the union 
of their vliscular bundles. Even if we limit our consideration 
to the present world alone, we must regard as highly import- 
ant the discovery of Cycadese and ConifersB side by side with 
SagenarisB and Lepidodendra in the ancient coal measures. 
The Coniferffi are not only allied to CupulifersB and Betulinse, 
with which we find them associated in lignite formations, but 
also with LycopodiacesB. The family of the sago-hke Cyca- 
deae approaches most nearly to palms in its external appear- 
ance, while these plants are specially allied to Conifera3 ia re- 
spect to the structure of their blossoms and seed.} Where 
many beds of coal are superposed over one another, the fami- 
lies and species are not always blended, being most frequently 
grouped together in separate genera ; Lycopodiacese and cer- 
tain ferns being alone found in one bed, and Stigmarite and 
Sigillarise in another. In order to give some idea of the lux- 
uriance of the vegetation of the primitive world, and of the 
immense masses of vegetable matter which was doubtlessly 
'accumulated in currents and converted in a moist condition 
into coal,§ I would instance the Saarbriicker coal measures, 

* Adolphe Brongniart, Prodrome d^une Hist, des Vigitaux Fossiles, p. 
179 ; Buckland, Oeology^ p. 479 ; -Bndlicher aDcl Unger, Orundzuge der 
Botanik, 1843, 8. 455. 

t '< By means of Lepidodendron, a better passage is established li*om 
flowering to flowerless plants than by either Equisetum or Cycas, or 
any other known genus." — Lindley and Huttou, Fossil F/ora, vol. ii., 
p. 53. 

X Kunth, Anordnimg der Pflanzenfamilienf in his Handb. der Botanik, 
8. 307 mid 314. 

J That coal has not l)ceu fo-nieJ fr«)iri vf5;ietal)le RImms chuiTed bv 
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frhere 120 beds are supetposed on one another, exclusive of a 
great many which are less than a foot in thickness ; the coal 
beds at Johnstone, in Scotland, and those in the Creuzot, in 
Burgundy, are some of them, respectively, thirty and fifty feet 
in thickness,*' while in the forests of our temperate zones, the 
carbon contained in the trees growing over a certain area 
would hardly suffice, in the space of a hundred years, to cover 
it with more than a stratum of seven French lines in thick- 
ness, f N^r the mouth of the Mississippi, and in the "wood 
hills" of the Siberian Polar Sea, described by Admiral Wran- 
gel, the vast number of trunks of trees accumulated by river 
and sea water currents afibrds a striking instance of the 
enormous quantities of drift-wood which must have favored 
the formation of carboniferous depositionfi in the inland waters 
and insular bays. There can be no doubt that these beds 
owe a considerable portion of the substances of which they 
consist to grasses, small branching shrubs, and Cryptogamic 
plants. 

The association of palms and Coniferae, which we have in- 
dicated as being characteristic of the coal formations, is dis- 
coverable throughout almost all formations to the tertiary 
period. In the present condition of the world, these genera 

fire, but that it has more probably been produced in the moist way by 
the action of sulphuric acid, is stiikingly demonstrated by the excellent 
observation made by GOppert (Karsten, Arehiv far Mineralogie, bd, 
^yiii., 8. 530), on the conversion of a fragment of amber-tree into black 
coal. The coal and the unaltered amber lay side by side. Regarding 
the part which the lower forms of vegetation may have had in the for- 
mation of coal beds, see Link, in the Abkandl, der Berliner Akademie 
der Wusenschaften, 1838, s. 38. 

* [The actual total thickness of the different beds in England varies 
considerably in different districts, but appears to amount ill the Lanca- 
shire coal field to as much as 150 feet. — Ansted's Ancient World, p. 
78. For an enumeration of the thickness of coal measures in America 
and the Old Continent, see Mantell's Wondert of Geology^ vol. ii., p. 
69.] -yr. 

t See the accurate labors of Chevandier, in the Comptes Rendus de 
VAcad4mie des SeienceSt 1844, t. xviii.. Part i., p. 285. In comparing 
this bed of carbon, seven lines in thickness, with beds of coal, we must 
not omit to consider the enormous pressure to which the latter have 
been subjected from superimposed rock, and which manifests itself in 
the flattened form of the stems of the trees found in these subterranean 
regions. " The so-called wood^hUU discovered in 1806 by Sirowatskoi, 
on the south coast of the island of New Siberia, consist, according to 
HedenstrOm, of horizontal strata of sandstone, alternating with bitu- 
minous trunks of trees, forming a mound thirty fathoms in height; at 
the summit the stems were in a vertical position. The bed of (drift- 
wood is visible at five wersts* distance." — See Wran^el, Reite kinfr$ 
dtr NordkUate von Siberien, in den Jahren 1820-24, th. i., s. 102. 
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appear to exhibit no tendency whatever to occur associated 
together. We have so accustomed ourselves, although erro- 
neously, to regard Conifera^ as a northern form, that I experi- 
enced a feeling of surprise when, in ascending from the shores 
of the South Pacific toward Chilpansingo and the elevated 
valleys of Mexico, between the Venta de la Mwconera and the 
Ako de los Caxanes, 4000 feet above the level of the sea, I 
rode a whole day through a dense wood of Pinus dccidentalis, 
where I observed that these trees, which are so similar to the 
Weymouth pine, were associated with fan palms* {Corypha 
dulcis), swarming with brightly^colored parrots. South Amer- 
ica has oaks, but not a single species of pine ; and the first 
time that I again «aw the familiar form of a fir-tree, it waa 
thus associated with the strange^ appearance of the fan palm.f 
Christopher Columbus, in his first voyage of discovery, saw 
Conifene and palms growing together on the northeastern ex- 
tremity of the island of Cuba, likewise within the tropics, and 
scarcely above the level of the sea. This acute observer, 
whom nothing escaped, mentions the fact in his journal as a 
remarkable circumstance, and his friend Anghiera, the secre- 
tary .of Ferdinand the Catholic, remarks with astonishment 
'' that palmeta and pineta are found associated together in 
tlie newly-discovered land.'' It is a. matter of much import- 
ance to geology to compare the present distribution of plants 
over the earth's surface with that exhibited in the fossil floras 
of the primitive world. The temperate zone of the southern 
hemisphere, which is so rich in seas and islands, and where 

* This corypha is the toyaie (iii Aztec, zoyall)^ or the Palma dulce of 
the natives. See Huaiboldt atid Bonplaud. Synopsis Plant* jEqvinoct. 
Orhis Novij t. i., p. 302. Pi-o feasor Buschinaun, who is profoundly ac- 
quaiated with the Americaa laugaages, remarks, that the Palma soyaie 
is 80 named in Yepe^s Voeabulario de la Lengua Olhomi, and that the 
Aztec word zoyatl (Molina, Voeahulario en Lengua Meapieana y CaaleU 
lana, p. 25) recurs in names of places, such as Zoyatitlan and Zoya- 
panco, near Chiapa. 

t Near Baracoa and Cayos de Moya. See the Admii^l's jonmal of 
the 25th and 27th of November, 1492, and Humboldt, Examem CrUique 
de VHist. de la Qiographie du Nouveau Continent, t. iL, p. 252, and t. 
iii., p. 23. Columbus, who invariably paid the most remarkable atten- 
tion to all natural objects, was the first to observe the difference be- 
tween Podoearpus and Pinns. '^ I find,'* said he, " en la tierra aspera 
del Gibao pinos que no Uevan piuas (fir cones), pero portal orden com- 

Suestos por naturaleza, qae (los firutos) parecen azeytunas del Axarafe 
e Sevilla." The great botanist, Richard, when he published his ex- 
cellent Memoir on Cycadete and Conifene, little ima^ued that before 
the time of L'H^ritier, and even before the end of the fifteenth cen^ 
tury, a navigator had separated Pedocarpus from tlie AbietineiB. 
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tropieal fonns blend ao remarkably vnih those of oolder parts 
of the earth, presents, according to Darwin's beautiful and 
animated descriptions * the most instructive materials for the 
study of the present and the past geography of plants. The 
history of the primordial ages is, in the strict sense of the 
word, a part of the history of plants. 

CycadesD, which, from the numberof their fossil species, must 
have occupied a fkr more important part in the extinct than 
in the present vegetable world, are associated with the nearly 
allied ConifersB from the coal formations upward. They are 
almost wholly absent in the epoch of the variegated sandstone 
which contains Coniferffi of rare and luxuriant structure ( Vol- 
tizia, Haidingeray Albertia) ; the CycadesB, however, occur 
most frequently in the keuper and lias strata, in which more 
than twenty different forms appear. In the chalk, marine 
plants and naiades predominate. The forests of Cycadess of 
the Jura formations had, therefore, long disappeared, and even 
in, the more ancient tertiary formations they are quite subor- 
dinate to the Conifers and palms.f 

The lignites, or beds of brown coalj: which are present in 
all divisions of the tertiary period, present, among the most 
ancient cryptogami i land plants, some few palms, many Co- 
niferse having distinct annual rings, and follaceous shrubs of a 
more or less tropical character. In the middle tertiary period 
we again find palms and Cycadeee fully established, and final- 
ly a great similarity with our existing flora, manifested in the 
sudden and abundant occurrence of our pines and firs, Cupu- 
lifei-se, maples, and poplars. The dicotyledonous stems found 
in lignite are occasionally distinguished by colossal size and 
great age. In .the trank of a tree found at Bonn,' Noggerath 
counted 792 annual rings.} In the north of France, at Yseux, 
near Abbeville, oaks have been discovered in the turf moors 
of the Somme which measured fourteen feet in diameter, a 
thickness which is very remarkable in the Old Continent and 
without the tropics. According to Goppert's excellent inves- 
tigations, which, it is hoped, may soon be illustrated by plates, 
it would appear that " all the amber of the Baltic comes from 
*' 

• Charles Darwin, Jommal of the Voyaget of the Adventure and 
JJea^/c, 1839,p. 271. 

t GOppert describes three other Gycadefle (species of Cycadites aud 
Pterophyllam), foand in the brown carboaiferous schistose clay of Alt- 
sattel and Comraotaa, in Bohemia. They very probably belong to the 
Eocene Period. Gttppert, Fouite Cycadeeny s. 61. 

X [Medals of Creation, vol. i., ch. v., &c. Wonders of Oeology, vol, i., 
p. 278, 392.}--7'r. J Backland, Geology, p. .'509. 
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a coniferous tree, which, to judge by the still extant remama 
of the wood and the bark at diflerent ages, approaches very 
nearly to our white and red pines, although forming a distinct 
species. The amber-tree of the ancient world {Pinites sited' 
fer) abounded in resin to a degree far surpassing that mani- 
fested by any extant coniferous tree ; for not only were large 
masses of amber deposited in and upon the bark, but also in 
the wood itself, following the course of the medullary rays, 
which, together with ligneous ceils, are still discernible under 
the microscope, and peripherally between the rings, being some 
times both yellow and white." 

'* Among the vegetable forms inclosed in amber are male 
and female blossoms of our native needle-wood trees and Cupu- 
lilersB, while fragments which are recognized as belonging tc 
thuia, cupressus, ephedera, and castania vesca, blended with 
those of junipers and firs, indicate a vegetation difierent fronr 
that of the coasts and plains of the Baltic/'* 

We have now passed through the whole series of formations 
comprised in the geological portion of the present work, pro- 
ceeding from the oldest erupted rock and the most ancient sed- 
imentary formations to the alluvial land on which are scat- 
tered those large masses of rock, the caust s of whose general 
distribution have been so long and variously discussed, and 
which are, in my opinion, to be ascribed rather to the pene- 
tration and violent outpouring of pent-up waters by the eleva- 
tion of mountain chains than to the motion of floating blocks 
of ice.t The most ancient structures of the transition forma- 

* [The forests of amber-pine?, Pinites tuecifer, were in the southeast* 
em part of what is now the bed of the Baltic, iu about 55^ N. hit., 
and 37^ E. long. The different colors of amber are derived from local 
chemical admixtui-e. The amber contains fragments of vegetable mat- 
ter, and from these it has been ascertained that the amber-pine forests 
contained four other species of pine (besides the Pinitet suceifer)t sev- 
eral cypresses, yews, and junipers, with oaks, poplars, beeches, &c. — 
altogether forty-eight species of trees and shrubs, constituting a flora 
of North Amencan character. There are also some ferns, mosses, fungi, 
and liverworts. See Professor GiOppert, Oeol, Trans*, 1845. Insects, spi- 
ders, small crustaceans, leaves, and fragments of vegetable tissue, are 
imbedded in some of the masses. Upward of 800 species of insects 
have been observed ; most of them belons to species, and even genera, 
that appear to be distinct from any now known, but others are nearly 
related to indigenous species, and some are identical with existing forms, 
that inhabit mare southern climes. — Wonders of Oeology, vol. i., p. 342, 
&c.]— Tr. 

t Leopold you Buch, in the Abhandl. der Akad. der Wisiensck. zu 
Berlin, 1814-15, s. 161 ; and in Poggend., Annalen, bd. ix., s. 573 * ^'li» 
de Beaumont, iu the Annates des Sciences Naiurelles, t. nix., p. U'^ 
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Uon with which we are acquainted are state and gra)'wacke, 
which contain some remains of sea weeds from the silurian or 
camhrian sea. On what did these so-called most ancient for- 
mations rest, if gneiss and mica schist must he regarded as 
changed sedimentary strata ? Dare we hazard a conjecture 
on that which can not he an ohject of actual geognostic ohserv- 
ation ? According to an ancient Indian myth, the earth is 
borne up by an elephant, who in his turn is supported by a 
gigantic tortoise, in order that he may not fall ; but it is not 
permitted to the credulous Brahmins to inquire on what the 
tortoise rests. We venture here upou a somewhat similar 
problem, and are prepared to meet with opposition in our en- 
deavors to arrive at its solution. In the first formation of the 
planets, as we stated in the astronomical portion of this work, 
it is probable that nebulous rings revolving round the sun were 
agglomerated into spheroids, and consolidated by a gradual 
condensation proceeding finom the exterior toward the center. 
What we term the ancient silurian strata are thus only the 
upper portions of the solid crust of the earth. The erupted 
rocks which have broken through and upheaved these strata 
have been elevated from depths that are wholly inaccessible 
to our research ; they must, therefore, have existed imder the 
silurian strata, and been composed of the same association of 
minerals which we term granite, augite, and quartzose por- 
phyry, when they are made known to us by eruption through 
the surface. Basing our inquiries on analogy, we may assume 
that the substances whicli fill up deep fissures and traverse the 
sedimentary strata are merely th^ ramifications of a lower de- 
posit. The foci of active volcanoes are situated at enormous 
depths, and, judging from the remarkable firagments which I 
have found in various parts of the earth incrusted in lava cur- 
rents, I should deem it more than probable that a primordial 
granite rock forms the substratum of the whole stratified edi- 
fice of fossil remains.* Basalt containing olivine first shows 
itself in the period of the chalk, trachyte still later, while erup- 
tions of granite belong, as we learn from the products of their 
metamorphic action, to the epoch of the oldest sedimentary 
strata of the transition formation. Where knowledge can not 
be attained from immediate perceptive evidence, we may be 
allowed from induction, no less than from a careful comparison 
of facts, to hazard a conjecture by which granite would be re- 

♦ See Blie de Beaumont, Deter. O^ol. de la France^ t. i., p. 65 ; Beu 
danU Giologie, 1844, p. 30^. 
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stored to a portioa of its eontested light and title to be consid* 
ered as a primordial rock. 

The recent proigTess of geognosy, that is to say, the more 
extended knowledge of the geognostic epochs characterized by 
difierence of mineral formations, by the peculiarities and sub- 
cession ol[ tbe organisms contained within them, and by the 
position of the strata, whether uplifted or incUned horizontally, 
leads us, by means of the causal connection existing among all 
natural phenomena, to the distribution of solids and fluids into 
the continents and seas which constitute the upper crust of our 
planet. We here touch upon a point of contact between geo* 
logical and geographical geognosy which would constitute the 
complete history of the form and extent of continents. The 
limitation of the solid by the fluid parts of the earth's surface 
and their mutual relations of area, have varied very consider* 
ably in the long series of geognostic epochs. They were very 
difierent, for instance, when carboniferous^trata were horizon- 
tally d^Kwited on the inclined beds of the mountain limestone 
and old red sandstone ; when lias and oolite lay on a substra- 
tum of keuper and muschelkalk, and the chalk rested on the 
slopes of green sandstone and Jura limestone. If, ivith Elie 
de Beaumont, we term the waters in which the^Jura limestone 
and chalk formed a soft deposit the JurcLssic or oolitic, and the 
cretaceous seas, the outhnes of these formations will indicate, 
for llie two corresponding epochs, the boundaries between the 
already dried land and the ocean in which these rocks were 
forming. An ingenious attempt has been made to draw maps 
of this physical portion of primitive geography, and we may 
consider such diagrams as more correct than those of the wan- 
derings of lo or the Homeric geography, smce the latter are 
merely graphic representations of mythical images, while the 
former are based upon positive facts deduced from the science 
of geology. *• 

The results of the investigations made regarding the areal 
relations of the solid portions of our planet are as follows : in 
the most ancient times, during the silurian and devonian tran- 
sition epochs, and in the secondary formations, including the 
trias, the continental portions of the earth were limited to in- 
sular groups covered with vegetation ; these islands at a sub- 
sequent period became united, giving rise to numerous lakes 
and deeply-indented bays ; and, finally^ when the chains of 
the Pyrenees, Apennines, and Carpathian Mountains were 
elevated about the period of the more ancient tertiary forma- 
tions, large coutiuents appeared, having almost their prosoiil 
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size.* In the olnrian epoek, as well as m that in which the Cy- 
cades flourished in such ahundanee, and gigantic saurians were 
living, the dry land, from pole to pole, was prohahly less than it 
now is in the South Paoitic and the Indian Ocean. We shall 
see, in a subsequent part of this work, how this prepondera- 
ting quantity of water, combined with other causes, must have 
contributed to raise the temperature and induce a greater uni- 
formity of climate. Here we would only remark, in consider- 
ing the gradual extensicm of the dry land, that, shortly before 
the disturbances which at longer or shorter intervals caused 
the sudden destruction of so great a number of colossal verte- 
brata in the diluvial period^ some parts of the present conti- 
nental masses must have been, completely separated from one 
another. There is a great similarity in South America and 
Australia between still living and extinct species of animals. 
In New Holland fossil remains of the kangaroo have been 
found, and in New'2^aland the semi-fossilized bones of an enor^ 
mous bird, resembling the ostrich, the dinornis o£Owen,t which 
is nearly allied to the present apteryx, and but httle so to the re- 
cently extinct dronte (dodo) of the island of Rodriguez. 

The form of the continental portions of the earth may, per- 
haps, in a great measure, owe their elevation above the sur- 
rounding level i>f the water to the eruption of quartzose por- 
phyry, which overthrew with violence the first great vegetar 
tion from which the material of our present coal measures was 
formed. The portions of the earth's surface which we term 
plains are nothing more than the broad summits of hills and 
mountains whose bases rest on the bottom of the ocean. Every 
plain is, therefore, when considered according to its submarine 
relations, an devoted plateau, whose inequalities have been 
covered over by horizontal deposition of new sedimentary for- 
mations and by the accumulation of alluvium. 

* [These movements, described in so few words, were doubtless go 
ing on for many thousands and tens of thousands of revolutions of oar 
planet. They were accompanied, also, by vast but slow changes of other 
kinds. The expansive force employed m lifting up, by mightv movo- 
ments, the northern portion of the continent of Asia, found partial vent ; 
and from partial subaqueous fissures there were poored out the tabular 
masses of basalt occurring in Central India, while an extensive area of 
depression in the Indian Ocean, marked by the coral islands of the Lac- 
cadives, the Maldives, the great Ghagos Bank, and some others, were 
in the course of depression by a counteracting movement.— 'A nsted's 
Aneiemt World, p. 346, &c.]— Tr. 

t [See American Journal of Science, vol. xlv., p. 187 ; and Medals 
of Creation, vol. ii., p. 817 ; Trans. Zoolog, Society of London, vol. ii. : 
Wandere of Geology, vol. i., p. 129.] — Tr, 
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Among the general subjects of contemplation appertaining 
to a work of this nature, a prominent place must be given, first, 
to the consideration of the quantity of the land raised above 
the level of the sea, and, next, to the individual configuration 
of each part, either in relation to horizontal extension (rela* 
tions of form) or to vertical elevation (hypsometrical relations 
of mountain-chains). Oar planet has two envelopes, of which 
one, which is general— the atmosphere — is composed of an 
elastic fluids and the otiier — ^the sea — ^is only locally distribu- 
ted, surrounding, and therefore modifying, the fomrof the land. 
These two envelopes of air and sea constitute a natural whole, 
on which depend the difierence of climate on the earth's sur- 
face, according to the relative extension of the .aqueous and 
sohd parts, the form and aspect of the land, and the direction 
and elevation of mountain chains. A knowledge of the recip- 
rocal action of air, sea, and land teaches us that great me- 
teorological phenomena can not be comprehended when consid- 
ered independently of geognostic relations. Meteorology, as 
well as the geography of plants and animals, has only begun 
to make actual progress since the mutual dependence of the 
phenomena to be investigated has been fully recognized. The 
word climate has certainly special reference to the character 
of the atmosphere, but this character is itself dependent on the 
perpetually concurrent influences of the ocean, which is uni- 
versally and deeply agitated by currents having a totally oppo- 
site temperature, and of radiation from the dry land, wluch va- 
ries greatly in form, elevation, color, and fertihty, whether we 
consider its bare, rocky portions, or those that are covered with 
arborescent or herbaceous vegetation. 

In the present condition of the surface of our planet, the area 
of the solid is to that of the fluid parts as 1 : 2}ths (accord- 
ing to Rigaud, as 100 : 21^)* The udandsform scarcely ^^d 
of the co])tinental masses, which are so unequally divided that 
they consist of three times more land in the northern than in 
the southern hemisphere ; the latter being, therefore, pre-emi- 
nently oceanic. From 40^ south latitude to the Antarctic 
pole the earth is almost entirely covered with water. The 
fluid element predominates in like manner between the east- 
em shores of the Old and the western shores of the New Con- 
tinent, being only interspersed with some few insidar groups. 
The learned hydrographer Fleurieu has very justly named this 

• See TraiMOcHons of the Cambridge Philotophieal Society, vrl. vi , 
Part ii., 1837, p. 297. Other wnters have given the ratio as 100 : 284. 
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vast oceanic basin, which, under the tropics, extends over 145^ 
of longitude^ the Great Ocean, in contradistinction to all other 
seas. The southern and western hemispheres (reckoning the 
latter firom the meridian of Tenerifie) are therefore more rich 
in water than any other region of the whole earth. 

These are the main points involved in the consideration of 
the relative quantity of land and ,0ea, a relation which exer- 
cises so important an influence on the distribution of temper- 
ature, the variations in atmospheric pressure, the direction 
of the winds, and the quantity of moisture contained in the 
air, with which the development of vegetation is so essentially 
connected. When we consider that nearly three fourths ol 
the upper sur&ce of our planet are covered with water,* we 
shall be less surprised at the imperfect condition of meteorol- 
ogy before the b%inning of the present century, since it is only 
during the subsequent period that niunerous accurate observa- 
tions on the temperature of the sea at diflerent latitude&^and 
at diflerent seasons have been made and numerically compared 
together. 

The horizontal configuration of continents in their general 
relations of extension was already made a subject of intellectual 
contemplation by the ancient Greeks. Conjectures were ad- 
vanced regarding the maximum of the extension from west to 
east, and DicsBarchus placed it, according to the testimony of 
Agathemerus^ in the latitude of Rhodes, in the direction of a 
hue passing from the Pillars of Hercules to Thine. This line, 
which has been termed the parallel of the diajph/ra^m of Di- 
cceardius, is laid down with an astronomical accuracy of po- 
sition, which, as I have stated in another work, is well worthy 
of exciting surprise and admiration.! Strabo, who was proba- 
bly influenced by Eratosthenes, appears to have been so firmly 
convinced that this parallel of 36^ was the maximum of the 
extension of the then existing world, that he supposed it had 
some intimate connection with the form of the ejirth, and 
therefore places under this line the continent whose existence 

* In the Middle Ages, the opinion prevailed that the sea covere<i ^aiy 
one seventh of the surface of the globe, an opinion which Cardinal d' Ailly 
{Imago Mundtf cap. 8) founded on the fourui apocryphal book of Esdraa. 
Columbus, who derived a great portion of his cosmographical knowledge 
from the cardinal's work, was much interested in upholding this idea 
of the smallness of the sea, to which the misundertttood expression o^ 
'' the ocean stream" contributed not a' little. See Humboldt, Examem 
Crkique de VHist. de la O^ographie, t. i., p. 186. 

t Agathemeras, in Hudson, Oeograpki Minoretf t. ii., p. 4. Sea 
Humboldt, Atie Centr., t i., p. 120-125. 

Vol. I.— N 
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he divined in the uorthem hemii^heTe, between Theria and 
the coasts of Thine.* 

As we have already remarked, one hemisphere of the earth 
(whether we divide the sphere through the equator or through 
the meridian of Tenerifie) has a much greater expansion of 
elevated land than the opposite one : these two vast ocean- 
girt tracts of land, which we term the eastern and western, 
or the Old and New Continents, present, however, conjointly 
with the most striking contrasts of configuration and position 
of their ases, some similarities of form, especially with refer- 
ence to the mutual relations of their opposite coasts. In the 
eastern continent, the -predominating direction — the position 
of the major axis — inclines from east to west (or, more cor- 
rectly speaking, from southwest to northeast), while in the 
western continent it inclines from south to north (or, rather, 
from south-southeast to north-northwest). Both terminate to 
the north at a parallel coinciding nearly with that of 70^, 
while they extend to the south in pyramidal points, having 
submarine prolpngations of islands and shoals. Such, for in- 
stance, are the Archipelago of Tierra del Fuego, the Lagullas 
Bank south of. the Cape of Good Hope, and Van Diemen*s 
Land, separated from New Bblland by Bass's Straits. North- 
em Asia extends to the aboy^ parallel at Cape Taimura, which, 
according to Krusenstem, is 78^ 16^ while it falls below it 
from the mouth of the Great Tschukotschja River eastward 
to Behring's Straits, in the eastern extremity of Asia-«-Cook'a 
East Cape — ^which, according to Beechey, is only 66^ S'.f 
The uorliiern shore of the New Continent follows with toler- 
able exactness the parallel of 70^, since the lands to the north 
and south of Barrow's Strait, from Boothia Felix and Victoria 
Land, are merely detached islands. 

The pyramidal configuration of all the southern extremities 
of continents belongs to the simUitudines jpihysiuB in conjlgib^ 
ratione mundiy to which Bacon already called attention m hia 
Novum Organon, and with which B^inhold Foster, one of - 
Cook's companions in his second voyage of circumnavigation, 
connected some ingenious considerations. On looking eastward 
from the meridian of Tenetifie, we perceive that the southern 
extremities of the three continents, viz., Africa as the extreme 

* Strabo, Ub. i., p. 65, Casaub. 8ee Humboldt, Examen Crii*, L i. 
p. 152. 

f On the mean latitude of the Nortbem Asiatic shores, aud the ti-ui» 
name of Oape Taimura (Oape Siewerb-Wostotqphuoi), aud Cape North- 
east (Schalagskoi Mys), see Humboldt, Aiie. Centrale, t. iii., p. 35, 37. 
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of the Old World, Australia, and South Ameriea, Btteoessiyely 
approach nearer to'^rd the south pole. New Zealand, whose 
length extends; fully 12^ of latitude, fonoa an intermediate 
link between Australia and South America, likewise tormina* 
ting in an island. New Leinster. It is also a remarkable cir- 
cumstance that the greatest extension toward the south falls 
in the Old Continent, under the same meridian in which the 
extremest projection toward the north pole is manifested . This 
will be perc^ved on comparing the Cape of Good Hope and 
the Lagullas Bank with the North Cape of Europe, and the 
peninsida of Malacca with Cape Taimura in Siberia.* We 
know not whether the poles of the esirth are surrounded by 
land or by a sea of ice. Toward the north pole the parallel 
of 82^ 55' has been reached, but toward the south pole only 
thatof780 10'. ^ , 

The pyramidal terminations of the great oontinents are vari- 
oudy repeated on a smaller scale, not only in the Indian Ocean, 
and in the peninsulas of Arabia, Hindostan, and Malacca, but 
also, as was remarked by Eratosthenes and Polybius, in the 
Mediterranean, where these writers had ingeniously compared 
together the forms of the Iberian, Italian, and Hellenic penin* 
sulas.t Europe, whose area is five times smaller than that 
of Asia, may almost be regarded as a multifariously articulated 
western peninsula of the more compact mass of the continent 
of Asia, the climatic relations of the former being to those of 
the latter as the peninsula of Brittanj is to the rest of France.} 
The influence exercised by the articulation and higher devel" 
opment of the form of a continent on the moral and intellect- 
ual condition of nations was remarked by Strabo,i who extols 

* Humboldt, Asie Centrale, t i., p. 198-300. The soatbem point 
of America, and the Archipelago which we call Terra del Ftiego, fie in 
the meridian of the northwestern part of Baffii^s Bay, and of the great 
polar laud, whose limits have not as yet been ascertained, and which, 
perhaps, belongs to West Greenland. 

t Strabo, lib. ii., p. 92, 108, Casaub. 

X Humbotdt, Asie CeiUrale, t. iii., p. 25. As early as the year 1817, 
in my work De dUtributione Qeogruphicd PUmtarutn, steundum emii 
temj^eviem, et altUudinem Montium, I directed attention to the import 
ant mflueuce of compact and of deeply-articulated continenta on climat« 
and human civilization, ** Begiones vel per sinns lunatos in longacomua 
porrects, an^osis littorum recessibus guasi membratim discerpte, vel 
spatia patentia in immensum, quorum littora nnllis incisa anguhs ambit 
sme aufractu oceanus" (p.^1, 182). On the relations of the extent of 
doast to the area of a continent (considered in some degree as a meas- 
ure of the accessibility of the inteiior), see the inquiries in Berghaus, 
Annalm der ErdkuiuU, bd. zii., 1835. s. 400, and Phynkal. Atlas, 1839 
No. iii , s. 69. $ Strabo. lib. ii., p. 92, 198, Casaub. 
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the varied form of our fimall continent as a special advantage. 
Afirica* and South America, 'which manifest so great a resem- 
blance in their configuration, are also the tw» continents that 
exhibit the simplest Uttoral outlines. It is only the eastern 
shores of Asia, which, broken as it were by the force of the 
currents of the oceant {fraxtcLS ex aquore terrcLs), exhibit a 
richly-variegated configuration, peninsulas and contiguous isl- 
ands alternating from the equator to 60^ north latitude. 

Our Atlantic Ocean presents all the indications of a valley. 
It is as if a fiow of eddying waters had been directed first to- 
ward the northeast, then toward the northwest, and back 
again to the northeast. The parallelism of the coasts north 
of lO^ south latitude*, the projecting and receding- angles, the 
convexity of Brazil opposite to the. Gulf of Guinea, that of 
Africa under the same parallel, with the Gulf of the Antilles, 
all favor this apparently speculative view.J In this Atlantic 
valley, as is almost every where the case in the configuration 
of large continental masses, coasts deeply indented^ and rich 
in islands, are situated opposite to those possessing a difilerent 
character. I long since drew attention to the geognbstic im- 
portance of entering into a comparison of the western coast of 
Africa and of South America within the tropics. The deeply- 
curved indentation of the African continent at Fernando Po, 
4° 30' north latitude, is repeated on the coast of the Pacific 
at 18° 15' south latitude, between the Valley of Arica and 
the Monro de Juan Diaz, where the Peruvian coast suddenly 
changes the direction finom south to north which it had previ- 
ously followed, and inclines to the northwest. This change 

• Of Africa, Pliny lays (v. 1), " Nee alia pars terraram paaciores ro- 
cipit fiintis," The small Indian peninsula on this side the Ganges pre- 
sents, in its triangular outline, a third analoeous form. In ancient 
Greece there preyailed an opinion of the regular conBguration of the 
dry land. There were four gulfs or bays, among which the Persian 
Gulf was placed in opposition to the Hyicanian or Caspian Sea ( Arrian, 
vii., 16 ; Pint., in vita Alexandria cap. 44 ; Dionys. Perieg., v. 48 and 
630, p. 11, 38, Bemh.). These four bays and the isthmuses were, ac- 
cordmg to the optical fimcies of Agesianax, supposed to be reflected in 
the moon (Pint, de Facie in Orbern, Ltaue, p. 921, 19). Eespecffng the 
terra quadrtjida, or four divisions of the dry land, of which two lay 
north and two south of the equator, see Macrobius, Cotnm. in Somnium 
tfet^nM, n., 9. I have submitted this portion of the geography of the 
ancients, regarding which great confiision prevails, to a new and care- 

I'lJi ' f ^"".185, as also m AHe Cenir,, t. ii., p. 172-178. 

♦ H«2S^?i*"^. ^T^t ^ M^rchand atUour du Monde, t. iv., p. 38-42* 
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of diiQCtion extends in like manner to the chaiii of the Andes, 
which is divided into two parallel branches, afiecting hot only 
the littoral portions,* but even the eastern Cordilleras. In 
the latter, civilization had its ea^rliest seat in the South Amer- 
ican plateaux, where the small Alpine lake of Titicaca bathes 
the feet of the colossal mountains of Sorata and lUimani. 
Further to the south, from Valdivia and Chiloe (40° to 42° 
south latitude), through the Archipelago de los Ckonos to 
Terra dd Fuego, we &ad repeated that singular configuration 
of Jiords (a blending of narrow and deeply-indented bays), 
wluch in the Northern hemisphere characterizes the western 
shores of Norway and Scotland. 

These are the most general considerations suggested by the 
study of the upper surface of pur planet with reference to the 
form of continents, and t\keir expansion in a horizontal direc- 
tion. We have collected facts and brought forward some 
analogies of configuration in distant parts of the earth, but we 
do not venture to regard them as fixed laws of form. Wh6n 
the traveler on the declivity of an active volcano, as, for in- 
stance, of Vesuvius, examines-the frequent partial elevations 
by which portions of the soil are often permanently upheaved 
several feet above their former level, either immediately pre- 
ceding or during the continuance of an eruption, thus forming 
roof-like or flattened summits, he is taught how^ accidental 
conditions in the expression of the force of subterranean va- 
pors, and in the resistance to be overcome, may modify the 
form and direction of the elevated portions. In this manner, 
feeble perturbations in the equilibrium of the internal elastic 
forces of our planet may have inclined them more to its north- 
ern than to its southern direction, and caused the continent 
in the eastern part of the globe to present a broad mass, whose 
major axis is almost parallel with the equator, while in the 
western and more oceanic part the southern extremity is ex- 
tremely narrow. 

Very little can be empirically determined regarding the 
causal connection of the phenomena of the formation of con- 
tinents, or of the analogies and contrasts presented by their 

* Hamboldt, in Poggendorf'ft Annalen der Pltygik, bd. xl., 8. 171. 
On the remarkable fiord formation at the southeast end of America, see 
Darwin's Jouiiial {Narrative cf the Voyages of the Adventure and Bea- 
gle, vol. iii.), 1839, p. 266. The parallelism oi the two moantain chains 
IS maintained from 5° soath to 5*^ north latitude. The change in the 
direction of the coast at Arica appears to be in consequence of the al- 
tered course of the fissure, above which the Cordillera of the Andes 
has been upheaved. 
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oonfigaratioii. All that we know legarding' tfak lobleet re« 
solves itself into this one point, that the active cause is sub* 
tenanean ; that continents did not arise at once in the fi)nD 
they now present, but weie» as we have already observed, in- 
ereased by degrees by means of numerous oscillatory devatioas 
and depressions of the soil» or were fermed by the fusion of 
separate smaller continental masses. Their present form is, 
therefore, the result of two causes, which have exercised a con- 
secutive action the one on the other : the first is the expresmon 
of subterranean force, whose direction we term accidental, 
owing to our inabihty to define it, from its removal from with- 
in the sphere of our comprehensian, while the second is derived 
from forees acting on the sor&oe, among which volcanic erup- 
tions, the elevation of mountains, and currents of sea water 
I^y the principal parts. How totally difierent would be tbe 
condition of the temperature of the earth, and, consequently, 
of the state of vegetation, husbandry, and human society, if 
thte. major axis of the New Continent had the same direction 
as that of the Old Continent ; if, for instance, the Cordilleras, 
instead of having a southern direction, inclined from east to 
west ; if there luid been no radiating tropical continent, like 
Africa, to the south of Europe ; and if the Mediterranean, 
which was once connected with the Caspian and Red Seas, 
and which has become so powerful a means of farthering the 
intercommunication of nations, had never existed, or if it had 
been elevated like the plains of Lombardy and Cyrene 1 

The changes of the reciprocal relations of height between 
the fluid and solid portions of the earth's surface (changes 
which, at the same time, determine the outlines of continents, 
and the greater or lesser submersion of low lands) are to be 
ascribed to numerous unequally working causes. The most 
powerful have inoontestably been the force of elastic vapors 
inclosed in the interior of the earth, the sadden change of tem- 
perature of certain dense strata,* the unequal secular loss of 

* De la Beche, Seeiions and Views Ulusiratwe nf Geological Phenome- 
na, 1830, tab. 40; Charles Babbage, Obaervalions on the Temple of 
Serapis at Pozzuolif near Naples, and on certain Causes which may 
produce Oeologieal O^des of great Extent, 1834. " If a stratam of sand- 
Btoue five miles in thickness shoold have its. temperature raised aboat 
100^, its surfiice would rise twenty-five feet. Heated beds of clay 
would, on the contrary, occasion a sinking of the groui|d by their con- 
traction." See. Bischof, Warmelehre des Innem vnseres JBrdkorpers, s. 
303, concerning the calculations for the secular elevation of Sweden, on 
the supposition of a rise by so small a quantity as 7^ in a stratam of 
about 155,000 feet in thickness, and heated to a state of fiision. 
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heat experienced by the crust and nucleuB of the earth, occa- 
lioning ridges in the solid surface, local modifications of gravi- 
tation,* and, as a consequence of these alterations, in the curv- 
ature of a portion of the liquid element. According to the 
views generally adopted by geognoeists in the present day, and 
which are supported by the observation of a series of well- 
attested facts, no less than by analogy with the most import- 
ant volcanic phenomena, it would appear that the Novation 
of continents is actual, and not merely appai^nt or owing to 
the configuration of the upper surface of the sea. • The merit 
of having advanced this view belongs to Leopold von Buch, 
who first made his opinions known to the scientific world in 
the narrative of his memorable TraveU through Norway and 
Sweden in 1806 and 1807.f While the whole co^st of 
Sweden and Finland, from Solvitzborg, on the limits of North- 
ern Scania, past Gefle to Tomea, and from Tornea to Abo, 
experiences a gradual rise of ioux feet in a century, the south- 
ern part c^ Sweden is, according to Neilson, undergoing a 
simultaneous depression.^ The maximum of this elevating 

• The opinion so implicitly entertained regarding the invariability of 
the force of gravity at any given point of the eaith*s surface, has in 
some degree been controverted by the gradual rise of large portions of 
the earth's surface. See Bessel, Ue^er Maa» und Oewicht, in Schu- 
macher's Jahrbuchfar 1840, s. 134. 

t Th. ii. (1810), s. 389. See Hallstrdm, in Kongl. Vetenskap^-Aea- 
demiens Handlmgar (Stockh.), 1823, p. 30; Lyell, in the Philo$. Trans. 
for 1835 ; Blom (Amtmann in Budskerud), Stat. Beschr, vonNorwegeUf 
1843, s. 89-1 16. If not before Von Buch's travels through Scandinavia, 
at any rate before their publication, Playfair, in 1802, in nis illusti«ations 
of the Huttonian theory, $ 393, and, according to Keilhau {Om Land- 
jordent 8tigmng in Norge, in tike Nyt Magazine fftr Naiurvidenskor 
heme), and the Dane Jessen, even before the time of Playfair, had ex- 
pressed the opinion that it was not the sea which was sinking, but the 
solid land of Sweden which was rising. Their ideas, however, were 
wholly unknown to our great geologist, and exerted no influence on 
the progress of physical geography. Jessen, in his work, Kongeriget 
Ncrge fremitiUet %fter dets naturlige og borgerlige TiUtan,df KjobenH., 
1763, sought to explain the causes of the changes in the relative levels 
of the land and sea, basing his views on the early calculations of Celsius. 
Kalm, and Dalin. He broaches some confusecL ideas regarding the pos- 
sibility^f an . internal growth of rocks, but finally declares himself in 
£iVor of an upheaval of the land by earthquakes, "although," he ob- 
serves, " no such rising was apparent immediately after the earthquake 
of Bgersnnd, yet the earthquake may have opened the way for other 
causes producing such an effect.'' 

t See Berzehus, Jahrsberiekt fiber die Fertatkritte dtr PhyHtchen 
Win., No. 18, s. 686. The islands of Saltholm, opposite to Copen 
hagen, and BjlHnholm, however, risebut very little— BjOmholm scarce- 
ly one foot, in a century. See Forehbammer, in PhilOM. Magazine. 3d 
Series, vol. ii., p 309 -^ 
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force appears to L»' in the north of Lapland, «nd to diminish 
gradually to the south toward Calmar and Solvitzborg. Lines 
marking the ancient level of the sea in pre-historic times are 
indicated throughout the whole of Norway,* from Cape Lin- 
desniBs to the extremity of the North Cape, hy banks ^ shells 
identical with those of the present seas, and which have late- 
ly .been most accurately examined by Bravais during his long 
winter sojoum at Bosekop. These banks lie nearly 650 feet 
above the present mean level of the sea, and reappear, accord<- 
ing to Keilhau and Eugene Robert, in a north-northwest di- 
rection on the coasts of Spitzbergen, opposite the North Cape. 
Leopold von Buch, who was the first^to draV attrition to the 
high banks of shells at Tromsoe (latitude 69° 40'), has, how- 
ever, shown that the more ancient elevations on the North 
Sea appertain to a difierent class of phenomena, from the 
regular and gradual retrogressive elevations of the Swedish 
shores in the Gulf of Bothnia. This latter phenomenon, which 
is well attested by historical evidence, must not be confound- 
ed with the changes -in the level of the scnl occasioned by 
earthquakes, as on the shores of Clilli and of Cutch, and 
which have recently given occasion to similar observations in 
other countries. It has been found that a perceptible sinking 
resulting from a disturbance of the strata of the upper surface 
sometimes occurs, corresponding with an elevation elsewhere, 
as, for instance, in West Greenland, according to Pingel and 
Graah, in Dalmatia and ijx Scania. 

Since it is highly probable that the oscillatory movements 
of the soil, and the rising and sinking of the upper surface^ 
were more strongly marked in the early periods of our }danet 
than at present, we shall be less surprised to find in the inte- 
rior of continents some few portions of the earth's surface ly- 
ing below the general level of existing seas. ' Instances of this 
kind occur in the soda lakes described by General Andreossy, 
the small Intter lakes in the narrow Isthmus of Suez, the 
Caspian Sea, the Sea of Tiberias, and especially the Dead 
Sea.f The level of the water in the two last-named seas ii 

* Keilhau, in Nyt Mag, fur Naiunid., 1832, bd. i.\ p. 105-^54; bd 
ii., p. 57 ; Bravais, 8ur U* Lignes d^amcien Niveau de la Mer, 1843, p. 
15^40. See, alao, Darwin, ** on the Parallel Boada of Glen-Boy and 
Lochaber/' in Pkilot, Trans, for 1839, p. 60. 

t Hamb<ddt, Ame CentraU, t. ii., p. 319-324; t. iii., p. 549-551 
The depression of the Dead Sea has been saccessively determined by 
the barometrical measiirementa of Count Bertpn, by we more careful 
ones oi Bussegger, and by the trigonometrical sorvey of lieutenant Sy- 
mond, <ji the Royal Navy, who states thatlhe difference of level be* 
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666 and 1312 feet below the level of the Mediterranean. If 
we could suddenly remove the alluvial soil which covers the 
rocky strata in many parts of the earth's surface, we should 
discover how great a portion of the rocky crust of the earth 
was then below the present level of the sea. The periodic, 
although irregularly alternating rise and fall of the water of 
the Caspian Sea, of which I have myself observed evident 
traces in the northern portions of its basin, appears to prove,"*^ 
as do also the observations of Darwin on the coral seas,t that 
without earthquakes, properly so called, the surface of the 
earth is capable of the same gentle and progressive oscilla- 
tions as those which must have prevailed so generally in the 
earliest ages, when the surface of the hardening crust of the 
earth was less compact than at present. 

The phenomena to which we would here direct attention 
remind us of the instability of the present order of things, and 
of the changes to which the outlines and configuration of con- 
tinents are probably still subject at long intervals of time. 
That which may scarcely be perceptible in one generation, 
accumulates during periods of time, whose duration is revealed 
to us by the movement of remote heavenly bodies. The east- 
ern coast of the Scandinavian peninsula has probably risen 

tween the sarlace of the Dead Bea and the highest houses of Jaffa is 
aboat 1605 feet. Mr. Alderson, who commaxiicated this result to the 
Geographical Society of London in a letter, of the contents of which I 
was informed by my friend, Captain Washington, was of opinion (Nov. 
28, 1841) that the Dead Sea lay about 1400 te^t under the level of the 
Mediterranean. A more recent communication of Lieutenant Symond 
(Jameson's Edinburgh New PhilosophiccU Journal, vol. zxxiv., 1843, p. 
178) gives 1312 feet as the final result of two very accordant trigono- 
metrical operations. 

* 8ur la MohilUi du fond de la Mer Caspienne, in my Asie Centr,^ t. 
ii., p. 283-294. The Imperial Academ5r of Sciences of St. Petersburgh, 
in 1830, at my request, charged the learned physicist Lenz to pl£ce 
marks indicating the mean level of the sea, for definite epochs, in dif> 
ferent places near Baku, in the peninsula of Abscheron. In the same 
manner, in an appendix to the instructions given to Captain (now Sir 
James 0.) Ross for his Antaxctic expedition, I ursed.tfae necessity of 
causing marks to be' cut in the rocks of the southern hemisphere, as 
had already been done in Sweden and on the shores of the Caspian 
Sea. Had this measure been adopted in the early voyages of Bougain- 
ville and Cook, we should now know whether the secular relative 
changes in the level of the seas and land are to be considered as a gen- 
eral, or merely a local natural phenomenon, and whether a law of di 
rection can be recognized in the points which have simultaneous ele- 
vation or depression. 

t On the elevation and depression of the bottom of the South Sea, 
and the different areas of alternate movements, see Darwin's Journal, 
p. 557, 561*^66. 

N2 
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about 320 feet in the space of 8000 years ; and in 12,000 
years, if the movement be regular, parts of the bottom of the 
sea which lie nearest the shores, and are in the present day 
covered by nearly fifty fathoms of water, will come to the 
surface and constitute dry land. But what are such intervals 
of time compared to the length of the geognostic periods re- 
vealed to us in the stratified series of formations^ and in the 
world of extinct and varying organisms I We have hitherto 
only considered the phenomena of elevation ; but the analo- 
gies of observed facts lead us with equal justice to assume the 
possibility of the depression of whole tracts of land. The 
mean elevation of the non-mountainous parts of France 
amounts to less than 480 feet. It would not, therefore, re- 
quire any long period of time, eompared with the old geog- 
nostic periods, in which such great changes were brought 
about in the interior of the earth, to effect the permanent 
submersion of the northwestern part of Europe, and induce 
essential alterations in its littoral relations. 

The depression and elevation of the solid or fluid parts of 
the earth — phenomena which are so opposite in their action 
that the effect of elevation in one part is to produce an appar- 
ent depression in another — are the causes of all the changes * 
which occur in the configuration of continents. In a work of. 
this general character, and in an impartial exposition of the 
phenomena of nature, we must not overlook the j>ossibiLity- 
of a diminution of the quantity of water, and a constant de- 
pression of the level of seas. There can scarcely be a doubt 
that, at the period when the temperature of the surface of the 
earth was lugher, when the waters were inclosed in larger 
and deeper fissures^ and when the atmosphere possessed a to- 
tally different character from what it does at present, great 
changes must have occurred in the level of seas, depending 
upon the increase and decrease of the liquid parte of the 
earth's surface. But ii^ the actual condition of our planet, 
there is no direct evidence of a real continuous increase or de- 
crease of the sea, and we have no proof of any gradual change 
in its level at certain definite points of observation, as indi- 
cated by the mean range of the barometer. According to ex- 
periments made by Dausey and Antonio Nobile, an increase 
in the height of the barometer would in itself be attended by 
a depression in the level of the sea. But as the mean press- 
ure x>f the atmosphere at the level of the sea is not the same 
at all latitudes^ owing to meteorological causes depending upon 
the direction of the wind and varying degrees of moisture, the 
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'barometer alone can not afibrd a certain evidence of the gen- 
;ral change of level in the ocean. The remarkahle fact that 
<ome of the ports in the Mediterranean were repeatedly left 
dry during several hours at the beginning of this century, ap- 
pears to show that currents may, by changes occurring in 
their direction and force, occasion a local retreat of the sea, 
and a permanent drying of a small portion of the shore, with- 
out being followed by any actual diminution of water, or any 
permanent depression of the ocean* We must, however, be 
very cautious in applying the knowledge which we have late- 
ly arrived at, regarding these involved phenomena, since we 
might otherwise be led to ascribe to water, as the elder ele- 
ment, what ought to be referred to the two other elements, 
earth and air. 

As the external configuration of continents, which we have 
already described in their horizontal expansion, exercises, by 
their variously-indented littoral outlines, a favotable influence 
on cUmate, trade/ and the progress of civilization, so likewise 
does their internal articulation, or the vertical elevation of 
the soil (chains of mountains and elevated plateaux), give rise 
to equally important results. Whatever produces a poly- 
morphic diversity of forms on the surface of our planetary 
habitation — such as mountains, lakes, grassy savaimas, or 
even deserts encircled by a band of forests— impresses some 
peculiar character on the social condition of the inhabitants. 
Kidges of high land covered by snow impede intercourse ; but 
a blending of low, discontinued mountain chains* and tracts 
of valleys, as we see so happily presented in ^he west and 
south of Europe^ tends to the multiplication of meteorological 
processes and the products of vegetation, and, from the variety 
manifested in di^rent kinds of cultivation in each district, 
even under the same degree of latitude, gives rise to wants 
that stimulate the activity of the inhabitants. Thus the aw- 
ful revolutions, during which, by the action of the interior on 
the crust of the earth, great mountain chains have been ele- 
vated by the sudden upheaval of a portion of the oxydized 
exterior of our planet, have served, after the establishment 
of repose, and on the revival of organic life, to fiiraish a rich- 
er and more beautiful variety of individual forms, and in a 
great measure to remove from the earth that aspect of dreary 

* Humboldt, Rel. Hist., t. iii., p. 232-234. See, also, the able re- 
marks- on the configaratioa of the earth, and the position of its lines 
of elevation, in Albrechts vt>n Roon, OrundzHgen dier Erd Vdlker vnd 
Stdalenkunde, Abth. i., 1837, s. 158,' 270, 276. 
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uniformity which exercises so impoverishing an influence on 
the physical and intellectual powers of mankind. 

According to the grand views of Elie de Beaumont, we 
must ascribe a relative age to each system qf mountain chains* 
on the supposition that their elevation must necessarily have 
occurred between the period of the deposition of the vertical- 
ly elevated strata and that of the horizontally inclined strata 
running at the base of the moimtains. The ridges of the 
Earth's crust — elevations of strata which are of the same ge< 
ognostic age — ^appear, moreover, to follow one common direc- 
tion. The line of strike of the horizontal strata is not always 
parallel Vith the axis of the chain, but intersects it, so that, 
according to my views, t the phenomenon of elevation of the 
strata, which is even found to be repeated in the neighboring 
plains, must be more ancient than the elevation of the chain. 
The main direction of the whole continent of Europe (from 
southwest to northeast) is opposite to that of the great fissures 
which pass from northwest to southeast, from the mouths of 
the Rhine and Elbe, through the Adriatic and Red Seas, and 
through the mountain system of Putschi-Koh in Luhstan, to- 
ward the Persian Gulf and the Indian Ocean. This almost 
rectangular intersection of geodesic lines exercises an import- 
ant influence on the commercial relations of Europe, Asia, 
and the northwest of Africa^ and on the progress of civilization 
on the formerly more flourishing shores of ijie Mediterranean 4 

Since grand and lofty mountain chains so strongly excite 
our imagination by the evidence they afibrd of great terres- 
trial revolutions, and when considered as the boundaries of 
climates, as lines of separation for waters, or as the site of a 
diflerent form of vegetation, it is the more necessary to de- 
monstrate, by a correct numerical estimation of their volume, 
how small is the quantity of their elevated mass when com- 
pared with the area of the adjacent continents. The mass 
of the Pyrenees, for instance, the mean elevation of whose 
summits, and the areal quantity of whose base have been as^ 
certained by accurate measurements, would, if scattered over 

* Leop. von Bach, VtSker die Oeognotlitchen Syateme von Deutsckland, 
in his Oeogn. Brief en an Alexander von Hun^oldty 1824, s. 265-271; 
Elie de Beaumont, Reeherckes mr les RtvohUiant de la Surface du Olobe, 
1829, p. 297-307. 

t Humboldt, Asie Centrale, t. i., p. ^77-283. . See, also, my Essm 
mr le Oiaement des Roches j 1822, p. 57, and Relat. Hist., t. iii., p. 
244-S50. 

t Asie Centrale, t. i., p. 284, 286. The Adriatic Sea likewise foUowi 
a dinsction from S.E. to N^W« 
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the surfaoft of France, only raise its mean level about 116 
feet. The mass of the eastern and vestem Alps would in 
like manner only increase the height of Europe about 21^ 
feet above its present level. I have found by a laborious in- 
vestigation,* which, from its nature, can only give a maximum 
limit, that the center of gravity of the volume of the land 
raised above the present level of the sea in Europe and North 
America is respectively situated at an elevation of 671 and 
748 feet, while it is at 1132 and 1152 feet in Asia and South 
America. These numbers show the low level of northern 
regions. In Asia the vast steppes of Siberia are compensated 
for by the great elevations of the land (between the Himalaya, 
the North Thibetian chain of Kuen-lun, and the Celestial 
Mountains), from 28^ 30' to 40^ north latitude. We may, 
to a certain extent, trace in these numbers the portions of the 
Earth in which the Plutonic forces were most intensely mani- 
fested in the interior by the upheaval of continental masses. 

There are no reasons why these Plutonic forces may not, 
in future ages, add^new mountain systems to those which Elie 
de Beaumont has shown to be of such difierent ages, and in- 
clined in such different directions. Why should the crust of 
the Earth have lost its property of being elevated in ridges ? 
The recently-elevated mountain systems of the Alps and the 
Cordilleras exhibit in Mont Blanc and Monte Rosa, in Sorata, 
lUimani, and Chimborazo, colossal elevations which do not 
favor the. assumption of a decrease in the intensity of the sub- 
terranean forces. All geognostic phenomena indicate the 
periodic alternation of activity and repose ;t but the quiet 
we now enjoy is only apparent. The tremblings which still 
agitate the surface under all latitudes, and in every species of 
rock, the elevation of Sweden, the appearance of new islands 
of eruption, are all conclusive as to the unquiet condition of 
our planet. 

* De la hauteur Moyenne des Continents, in my Atie Centrale, t. i., p. 
82-90, 165-189. The resoItB which I have obtaiDed are to be regard- 
ed as the extreme valae (nombres-limiies). I^aplace's estimate of the 
mean height of continents at 3280 feet is at least three times too high. 
The immortal aathor of the Micanique Celeste (t. v., p. 14) was led to 
this conclusion by hypothetical views as to the mean depth of the sea, 
I have shown {Aeie Centr,, t. i., p. 93) that the old Alexandrian mntli- 
ematicians, on the testimony of Plutarch (in JEmilio Paulo, cap. 15), 
believed this depth to. depend on the height of the mountains. The 
height of the center of gravity of the volume of the continental musses 
is probably subject to wight variations in the course of many centiiiie.4 

t Zioeiter Qeologiseker Brief von Elie de Beaumont an Alexander von 
Humboldt, in Poggendorf's Annalen, bd. xxy., s. l->58. 
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.The two envelopes of the solid suriace of onr planet—- >the 
liquid and the aeriforni— exhibit, owing to the mobility of 
their particles, their carrent8» and their atmospheric relations, 
many analogies combined with the contrasts which arise from 
the great difierence in the oondition of their aggregation and 
elasticity. The depths of ocean and of air are alike unknown 
to tis. At so^ne few places under the trojHcs no bottom has 
been found with soundings of 276,000 feet (or more than four 
miles), while in the air, if, according to Wollaston, we may 
assume that it has a limit from* which waves of sound may 
be reverberated, the phenomenon of twilight would incline 
us to assume a height at least nine times as great.* The 
aerial ocean rests partly on the sdid earth, whose mountain 
chains and elevated plateaux rise, as we have already seen, 
like green wooded shoals, and partly on the sea, whose surface 
forms a moving base, on which rest the lower, denser, and 
more saturated strata of air. 

Proceeding upward and downward from the common limit of 
the aerial and liquid oceans, we find that the strata of air 
and water are subject to determinate laws of decrease of tem* 
perature. This decrease is much less rapid in the air than 
in the sea, which has a tendency under all latitudes to main* 
tain its temperature in the strata of water most contiguous to 
the atmosphere, owing to the sinking of the heavier and more 
cooled particles. A large series of the most carefully con- 
ducted observations on temperature shows us that in the or- 
dinary and mean condition of its surface, the ocean from the 
equator to the forty-eighth degree of north and south latitude 
is somewhat warmer than the adjacent strata of'air.t Owing 
to this decrease of temperature at increasing depths, fishes and 
other inhabitants of the sea, the nature of whose digestive and 
respiratory^organs fits them for living in deep water, may even, 
under the tropics, find .the low degree of tempevature and the 
coolness of climate characteristic of more temperate and more 
northern latitudes. This circumstance, which is analogoup 
to the prevalence of a mild and even cold air on the elevated 
plains of the torrid zone, exercises a special influence on the 
migration and geographical distribution of many marine ani- 
mals. Moreover, the depths at which fishes live, modify, by 
the increase of pressure, their cutaneous respiration, and the 

• [See Wilson's Paper, On Woll€utotC$ Argument from theLdmitalion 
9/ the Atmosphere cu to the finite DivinUlity of Matter. — Trctna. of the 
Royal Society of Edinb., vol. xvi., p. 1, 1845.]— Tr. 

f Hamboldt, Rdation Hist.t t, iii., chap, xziz., p. 514-530. 
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oxygenous and nitrogenous contents of their swimming Mad- 
ders. 

As fresh and salt water do not attain the maximum of 
their density at the same degree of temperature, and as the 
saltness of the sea lowers the thermometrical degree corre- 
sponding to this point, we can understand how the watei 
drawn from great depths of the sea during the voyages of 
Kotzehue and Bupetit-Thouars could have heen found to have 
only the temperature of 37° and 36'^-5. This icy temperature 
of sea water, which is likewise manifested at the depths of 
tropical seas, first led to a study of the lower polar currents, 
which move from hoth poles toward the equator. Without 
these suhmarine currents, the tropical seas at -those depths 
could only have a temperature equal to the local maximum 
of cold possessed hy the falling particles of water at the radi- 
ating and cooled surface of the tropical sea. • In the Mediter- 
ranean, the cause of the absence of such a refrigeration of the 
lower strata is ingeniously explained by Arago, on the as- 
sumption that the entrance of the deeper polar currents into 
the Straits of Gibraltar, where the water at the surface flow& 
in from the Atlantic Ocean from west to east, .is hindered by 
the submarine counter-currents which move from east to 
west, from the Mediterranean into the Atlantic. 

The ocean, which acts as a general equalizer and moder- 
ator of climates, exhibits a most remarkable uniformity and 
constancy of temperature, especially between 10° north and 
10° south latitude,* over spaces of many thousands of square 
miles, at a distance from land where it is not penetrated by 
currents of cold and heated water. It has, therefore, been 
justly observed, that an exact and long-continued investiga- 
tion of these thermic relations of the tropical seas might most 
easily afford a solution to the great and much-contested prob- 
lem of the permanence of climates and terrestrial tempera 
tures.t Great changes in the luminous disk of the sun would; 

* See the series of observations made by me in the Sonth Sea, from 
0° 5' to 130 16' N. lat., in my Ame CewtraUy t. iii., p. 234. 

t ** We might (by means of the temperature of the ocean under the 
tropics) enter into the consideration of a question which has hitherto 
remained unanswered, namely, that of the constancy of terrestrial tem 
peratures, without taking into account the very circumscribed local 
mfluences arising from the diminution of wood in the plains and on 
mountains, and tne drying up of lakes and marshes. Each age might 
easily transmit to the succeeding one some few data, which would per- 
haps iumlBh the most simple, exact, and direct means of deciding whetn* 
er tile sun, which is almost tla sole and exclusive source of the heat of 
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if they were of long duration, be reflected witli more certainty 
in the mean temperature of the sea than in that of the solid 
land. 

The zones, at which occur the maxima of the oceanic tem- 
perature and of the density (the saline contents) of its waters^ 
do not correspond with the equator. The two maxima are 
separated from one another, and the waters of the highest tem- 
perature appear to form two nearly parallel lines north and 
south of the geographical equator. Lenz, in his voyage of ' 
circumnavigation, found in the Pacific the maxima of density 
in 22^ north and 17° south latitude, while its minimum was 
situated a few degrees to the south of the equator. In the 
region of calms the solar heat can exercise but little influence 
ox\ evaporation, because the stratum of air impregnated with 
saline aqueous vapor, which rests on the surface of the sea, 
remains still and unchanged. 

The surface of all connected seas miust be considered as 
having a general perfectly equal level with respect to their 
mean elevation. Local causes (probably prevailing winds and 
currents) may, however, produce permanent, although trifling 
changes in the level of some deeply-indented bays, as, for in- 
stance, the Red Sea. The highest level of the water at the 
Isthmus of Suez is at diflerent hours of the day from 24 to 
30 feet above that of the Mediterranean. The form of the 
Straits of Bab-el-Mandeb, through which the waters appear 
to find an easier ingress than egress, seems to contribute to 
this remarkable phenomenon, which was knowi\ to the an- 
cients.* The admirable geodetic operations of Corabceuf and 
Delcrois show that no perceptible cQflerence of level exists be- 
tween the upper surfaces of the Atlantic and liie Mediterra- 
nean, along the chain of the Pyrenees, or between the coasts 
of northern Holland and Marseilles.t 

' our planet, changes its physical constitution and splendor, like the great 
er number of the stars, or whether, on the contrary, that luminary has 
attained to a permanent condition." — Arago, in me^Comptes Rendu$ 
de» Siances de VAcad. de» Science; t. xi., Part ii., p. 309. 

* Hamboldt, Asie CentraU, t ii., p.* 321, 327. 

t See the numerical results in p. 328-333 of the volume just named 
From the geodesical levelinga which, at my request, my friend General 
Bolivar caused to be taken by Lloyd and Palmare, in the years 1828 
and 1829, it was ascertained that the level of the Pacific is at the ut- 
most 3i feet higher than that of the Caribbean Sea ; and even that at 
different hours of the day each of the seas is in turn the higher, accord- 
ing to their respective hours of flood and ebb. If we reflect that in a 
distance of 64 miles, comprising 933 stations of observation, an error of 
three feet would be very apt to occur, we may say that in these new 
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Disturbances of equilibrium and consequent movements of 
the waters are partly irregular and transitcnry, dependent upon 
winds, and producing waves which sometimes, at a distance 
from the shore and during a storm, rise to a height of more 
than 35 feet ; partly regular and periodic, occasioned by the 
position and attraction of the sun and moon, as the ebb and 
flow of the tides ; and partly permanent, although less in- 
tense, occurring as oceanic currents. The phenomena of 
tides, which prevail in all seas (with the exception of the 
smaller ones that are completely closed in, and where the ebb- 
ing and flowing waves are scarcely or not at all perceptible), 
have been perfectly explained by the Newtonian doctrine, 
and thus brought " within the domain of necessary facts." 
Each of these periodically-recurring oscillations of the waters 
of the sea has a duration of somewhat more than half a day. 
Although in the open sea they scarcely attain an elevation of 
a few feet, they often rise considerably higher where the waves 
are opposed by the configuration of the shores, as, for instance, 
at St. Malo and in Nova Scotia, where they reach the re- 
^ spective elevatibns of 50 feet, and of 65 to 70 feet. " It has 
been shown by the analysis of the great geometrician La- 
place, that, supposing the depth to be wholly inconsiderable 
when compared with the radius of the earth, the stabihty of 
the equilibrium of the sea requires that the density of its fluid 
should be less than that of the earth ; and, as we hav6 already 
seen, the earth's density is in fact Ave times greater than 
that of water. The elevated parts of the land can not there- 
fore be overflowed, nor can the remains of marine animals 
found on the summits of mountains have been conveyed to 
those localities by any previous high tides.''* It is no slight 

operationB we have farther confirmation of the equilibrium of the wa- 
ters which commonicate round Gape Horn. (Araso, in the Annuaire 
du Bureau de» Longitudes pour 1831, p. 319.^ I had inferred, from 
barometrical observations instituted in 1799 ana 1804, that if. there were 
any difiference between the level of the Pacific and the Atlantic (Ca- 
ribbean Sea), it could not exceed three meters (nine feet three inches). 
See mj RelaL Hiet., t. iii., p. 555-557, and Annalee de Chimiej t. i., 

E. 55-64. The measurements, which appear to establish an excess of 
eight for the waters of the Gulf of Mexico, and for those of the north> 
em part of the Adriatic Sea, obtained by combining the trigonometrical 
operations of Delcrois and Ohoppin with those of the Swiss and Aus- 
trian engineers, are open to many doubts. Notwithstanding the form 
of the Adriatic, it is improbable that4he level of its waters in its north- 
em portion should be 28 feet higher than that of the Mediterranean at 
Marseilles, and 25 feet higher than the level of .the Atlantic Ocean. 
See my Ane Centrales t. ii., p. 332. 
* Bessel, UeberFluih undEbbcM Schumacher's Jaikt^ttcA, 1838»8. 225 
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evidence of the importance of analysis, which is too often re- 
gaided with cdhtempt among the unscientific, that Laplace's 
perfect theory of tides has enabled us, in our astronomical 
ephemerides, to predict the height oT spring-tides at the peri- 
ods of new and fnll moon, and thus put the inhabitants of the 
sea-shore on their guard against the increased danger attend- 
ing these lunar revolutions. 

Oceanic currents, which exercise so important an influence 
on the intercourse of nations and on the climatic relations of 
adjacent coasts, depend conjointly upon various causes, differ- 
ing alike in nature and importance. Among these we may 
reckon the periods at which tides occur in their progress round 
the earth ; the duration and intensity of prevailing winds ; 
the modifications of density and specific gravity which the par* 
tides of water undei^o in consequence of difierences in the 
temperature and in the relative quantity of saline contents at 
different latitudes and deptlis ;* and, lastly, the horary varia- 
tions of the atmospheric pressure, successively propagated firom 
east to west, and occurring with such regularity in the trop- 
ics. These currents present a remarkable spectacle ; like riv- 
ers of uniform breadth, they cross the sea in difieient direo- 
tions, while the adjacent strata of water, which remain un- 
disturbed, form, as it were, the banks of these moving streamB. 
Thid difierence between the moving waters and those at rest 
is most strikingly manifested where long lines of sea-weed, 
borne onward by the Current, enable us to estimate its veloc- 
ity. In the lower strata of the atmosphere, we may some- 
times, during a storm, observe similar phenomena in the lim- 
ited aerial current, which is indicated by a narrow line of 
trees, which are pflen found to be overthrown in the midst of 
a dense wood. 

The general movement of the sea from east to west be- 

* The relative density of tfie pardeles of water depends sinraltaiie- 
oofHf on the temperature and on the amount of the Huine oontents'— • 
circumstance that is not sufficiently borne in mind in consid^inff the 
cause of corrents. The submarine cnrr&nt^ which brings the cold po- 
lar water to the equatorial regions, would fellow an exactly opposite 
course, that is to say, from the equator toward the poles, if the aifRst^ 
ence in saline contents were alone concerned. In this view, the ge<>> 
graphical distribution of temperature and of density in the water of 
ttie ocean, under the different zones of latitude and longitude, is of 
great importance. The numerou»obsenrations of Lens (PoggendorTa 
Aumtden, bd. zx., 1830, s. 129), md those of Captain BeechejTf collect- 
ed >in his Voyage to ike aeifiCf vol. ii., p. 727, deserve particular a^ 
tention. See Humboldt, Relat, Hiei,, t. i., p. 74, and Ame CeHiraU, 
t. iii., p. 356. 
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tween the tropica (tenned the equatorial or rotation current) 
18 considered to be owing to the propagation of tides and to 
the trade winds. Its direction is changed by the resistance 
it experiences from the prominent eastern shores of continents. 
The results recently obtained by Daussy regarding the veloc 
ity of this current, estimated from observatioas made on the 
distances traversed by bottles that had purposely been thrown 
into the sea, agree within one eighteenth with the vdocity of 
motion (10 French nautical miles, 952 toises each, in 24 hours) 
which I had found from a compajis4»i with earher experi- 
ments."*^ Christopher Columbus^ during his third voyage, 
when he was seeking to enter the tropics in the meridian of 
Teneri^, wrote in his journal as foUowB :t " I regard it as 
proved that the waters of the sea move from east to west, as 
do the heavens {Jui ctgtias van con los cidos), that is to say, 
like the apparent motion of the sun,Vnoon, and stars." 

The narrow currents, or true oceanic rivers which traverse 
the sea, bring warm water into higher and cold water into 
lower latitudes. To the first class belongs the celebrscted 
Gulf Stream,! which was known to Anghiera,^ and more 
especially to Sir Humphrey Gilbert in the sixteenth century. 
Its first impulse and origin is to be sought to the south of 
the Cape of Good Hope ; ailer a long, circuit it pours itself 
from the Caribbean Sea and the Mexican Gulf through the 
Straits of the Bahamas^ and, following a course from south- 
southwest to north-northeastt continues to recede from the 
shores of the United States, until, further deflected to the 
eastward- by the Banks of Newfoundland, it approaches the 
European coasts, frequently throwing a quantity of tropical 
seeds {Mimosa scandms, QuiUmdina bondttCt Dolichos uren^ 
on the shores of Ireland, the Hebrides, and Norway. The 
northeastern prolongation tends to mitigate the^cold of the 
ooeaut and to ameliorate the climate on the most northern ex- 
tremity of Scandinavia. At the point where the Gulf Stream 

* Hamboldt, Relat. Hitt., t. i., p. 64 ; Nouvelles Annates des Voyaget, 
1839, p. 255. 

t Humboldt, Examen Crit. de PHitt. de la Odogr,, U iii., p. 100. 
Columbas adds Bhortly after (Navarrete, Coleceion de los Viages y De- 
seiihrimientos de los EspanoleSf t. 1., p. 260), that the movement is 
strongest in the Caribbean Sea. In fact, Bennell terms tfiis region, 
**not a carr^it, but a sea in motion" {Investigaium of Currents, p. 23). 

t Humboldt, Examen Critiqne, U ii., p. 250 ; Relat, HisL, t, i., p. 
66-74. 

} Petrus Martyr de Anghiera, De Rebus Oceanicis et Orhe Novo, 
Bas., 152'3, Dec. lii., lib. vi., p. .57. See Humboldt, Examen Critique, 
t. ii., p. -J > 4-257, and t. iii., p. 108. 
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is deflected from the Banks of Newfoundland toward the east, 
it sends off branches to the south near the Azores.* This is 
the situation of the Sargasso Sea, or that great bank of weeds 
which so vividly occupied the imagination of Christopher Co- 
lumbus, and which Oviedo calls the sea-weed meadows {Pra- 
dericis de yerva), A host of small marine animals inhabits 
these gently-moved and evergreen masses of Fucus natans, 
one of the most generally distributed of the social plants of 
the sea. 

The counterpart of this current (which in the Atlantic 
Ocean, between Africa, America, and Europe, belongs almost 
exclusively to the northern hemisphere) is to be found in the 
South Pacific, where a current prevails, the effect of whose low 
temperature on the cUmate of the adjacent shores I had an 
opportunity of observing in the autumn of 1802. It brings 
the cold waters of the high southern latitudes to the coast of 
Chili, follows the shores of this continent and of Peru, first from 
south to north, and is then deflected from the Bay of Arica on- 
ward from south-southeast to north-northwest. At certain 
seasons of the year the temperature of this cold oceanic cur- 
rent is, in the tropics, only 60^, while the undisturbed adjacent 
water exhibits a temperature of Sl^'S and SS^-?. On that 
part of the shore of South America south of Payta, which in- 
clines furthest westward, the current is suddenly deflected in 
the same direction from the shore, turning so sharply to the 
west that a ship sailing northward passes suddenly from cold 
into warm water. 

It is not known to what depth cold and warm oceanic cuv" 
rents propagate their motion ; but the deflection experienced 
by the South African current, from the LaguUas Bank, which 
is fully from 70 to 80 fathoms deep, would seem to imply the 
existence .of- a far-extending propagation. Sand banks and 
shoals lying beyond the line of these cun*ents may, as was first 
discovered by the admirable Benjamin Franklin, be recognized 
by the coldness of the water over th^:n. This depression of 
the temperature appears to me to depend upon the fact that, 
by the propagation of the motion of the sea, deep waters rise 
to the margin of the banks and mix with the upper strata. 
My lamented friend, Sir Humphrey Davy, ascribed this phe- 
nomenon (the knowledge of which is often of great practical 
utiUty in securing the safety of the navigator) to the descent 
of the particles of water that had been cooled by nocturnal ra« 

* Humboldt, Eaxtmen Crit,y t. iii., p. 64-109. 
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diation, and which remain nearer to the surface, owing to the 
hinderance placed in the way of their greater descent by the 
intervention of sand-banks. - By his observations Franklin may 
be said to have converted the thermometer into a sounding 
line. Mists are frequently found to rest over these depths, ow- 
ing to the condensation of the vapor of the atmosphere by the 
cooled waters. , I have seen such mists in the south of Jamai- 
ca, and l^so ia.the Pacific, defining virith sharpness und cleaiv 
ness the form of the shoals below them, appearing to the eye 
as the aerial reflection of the bottom of the sea. A still more 
striking eflect of the cooling produced by shoals is manifested 
in the higher strata of air, in a somewhat analogous manner 
to that observed in the case of fiat coral reefs, or sand islands 
In the open sea, far from the land, and when the air is calm, 
clouds are ollen observed to rest over the spots where shoals 
are situated, and their bearing may then be taken by the copi- 
pass i]^ the same manner as that of a high mountain or isola- 
ted peak. 

Although the surface of the ocean is less rich in living forms 
than that of continents, it is not improbable that, on a further 
investigation of its depths, its interior may be found to possess 
a greater richness of organic life than any other portion of our 
planet. Charles Darwin, in the agreeable narrative of his ex- 
tensive voyages, justly remarks that our forests do not conceal 
so many animals as the low woody regions of the ocean, where 
the sea- weed, rooted to the bottom of the shoals, and the sev- 
ered branches of fuci, loosened by the force of the waves and 
currents, and swimming free, unfold their delicate -foliage, up- 
borne by air-eeUs.* The application of the microscope increas- 
es, in the most striking manner, our impression of the rich lux- 
uriance of animal life in the ocean, and reveals to the aston- 
ished senses a consciousness of the universality of life. In the 
oceanic depths, far exceeding the height of our loftiest mount- 
ain chains, every stratum of water is animated with "polygas- 
trie sea-worms, Cyclidice, and Ophrydine. The waters swarm 
with countless hosts of small luminiferous animalcules,* Mam- 
maria(of the order of Acalephe), Crustacea, Feridinea, and cir- 
cling Nereides, which, when attracted to the surface by peculiar 
meteorological conditions, convert every wave iiito a foaming 
bitud of flashing light. 

♦ [See Structure and Distribution of Coral Reefs fhy Charles Darwin, 
London, 1842. Also, Narrative of the Surveying Voyage of H.M.8. 
** Fly" in the Eastern Archipelaro, during the Yearr 1842->184G, by J. 
B. Jokes, Naturalist to the expedition, 1847.]— Tr. 
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The abundance of those marine animalcules, and the anima^ 
matter yielded by their rapid decomposition, are so vast that 
the sea water itself becomes a nutrient fluid to many of the 
larger animals. However much this richness, in animated 
forms, and this multitude of the most various and highly-de- 
veloped microscopic organisms may agreeably excite tl^ fancy, 
the imagination is even more seriously, and, I might say, noore 
solemnly moved by the impression of boundleswess and im» 
measurability, which are presented to the ihind by every sea 
voyage. All who possess an (nrdinary degree of mental activi- 
ty, and delight to create to themselves an inner world of 
thought, must be penetrated with the sublime image of the 
infinite when gazing around them on the vast and boundless 
sea, when involuntarily the glance is attracted to the distant 
horizon, where air and water blend together, and the stars con* 
tinually rise and set before the eyes of the mariner.. This con* 
templation of the eternal play of the elements is clouc^, like 
every human joy, by a touch of sadness and of longing. 

A peculiar predilection for the sea, and a grateful remem- 
brance of the impression which it has excited in my mind, when 
I have seen it in the' tropics in the calm of nocturnal rest, or 
in the fury of the tempest, have alone induced me to speak of 
the individual enjoyment afibrded by its aspect before I en- 
tered upon the consideration of the favorable influence which 
the proximity of the ocean has incontrovertibly exercised on 
the cultivation of the intellect and character of many nationa, 
W the multiplication of those bands which ought tQ encircle 
tne whole of humanity, by affording additional means of arriv* 
ing at a knowledge of the configuration of the earth, and fur- 
thering the advancement of astronomy, and of .all other math- 
ematical and physical sciences. A portion of this influence 
was at first limited to the Mediterranean and the shores of 
southwestern Africa, but from the sixteenth century it has 
widely spread, extending to nation^ who live at a distance 
firom the sea, in the interior of continents. Since Columbus 
was sent to '' unchain the ocean"* (a& the unknown voice 
whispered to him in a dream when he lay on a sick-bed neak* 

* The voice addressed him in these wurds, " Maravillosamente Dicw 
hizo BO^ar ta nombre en la lierra ; de los atamientos de la mar Oceana, 
que estaban cerrados con cadenas tan fnertes, te di6 las.llaves"— *' God 
will caase thy name to be wonderfully resounded through the earth, 
and give thee the keys of the gates of the ocean, which are closed with 
■tnmg chains.'* The dream of Columbus is related in the letter to tlie 
Catholic monarchs of July the 7th, 1503. (Humboldt, Bxamem Critique^ 
X, iii., p. 234.) 
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the ftiver B9lew)» man h^s ever boldly ventured onward to* 
ward the discovery of unknown regions. 

The seoond external and general covering of our planet, the 
aerial ocean, in the lower strata, and on l^e shoals of which 
we live, presents six classes of natural phenomena, which man- 
ifest the most intimate conneclion with one another. They 
are dependent 09 the chemical composition of the atmosphere, 
the variations in its transparency, polarization, and. color, its 
density or pressure, its temperature and humidity, and its elec- 
tricity. The air contains in oxygen the first element of phys- 
ical animal life, and, besides this benefit, it possesses another, 
which may be said to be of a nearly equally high character, 
namely, that of conveying sound ; a faculty by which it like- 
wise becomes the conveyer of speech and the means of com- 
municating thought, and, consequently, of maintaining social 
intercourse. If the Earth were deprived of an atmosphere, as 
we suppose our nopon to be, it would present itself to our im- 
agination as a soundless desert. 

The relative quantities of the substances composing the 
strata of air accessible to us have, since the beginning of the 
nineteenth century, become the object of investigations, in 
which Gay-Lussac, and myself have taken an active part ; it 
is, however, only very recently that the admirable labors of 
Dumas and Boussingault have, by new and more, accurate 
methods, brought the chemical analysis of the atmosphere to 
a high degree of perfection. According to this analysis, a 
volume of dry air contains 20 '8 of oxygen and 79*2 of nitro- 
gen, besides from two to five thousandth parts of carbonic 
aci(l gas, a still smaller quantity of carbureted hydrogen gas,* 
and, according to the important experiments of Saussure and 
Liebig, traces of ammoniacal vapors,t from which plants de- 
rive their nitrogenous contents. Some observations of Lewy 
render it probable that the quantity of oxygen varies percep- 

* Boussingault, Reeherches sur la ComposiHon de tAtmospkire, in the 
Annates de Chimie et de Phytique, t. Ivii., 1834, p. 171-173 ; and Ixxi. 
1839, p. 116. According to Bouaaingault and Lewy, the proportion of 
carbonic acid in the atmosphwe at Aadilly, at a distance, therefore, from 
the exhalations of a city, varied only between* 0*00028 €uid 0-00031 in 
volume. 

t Liebig, in. Ihs important work, entitled Die Organitche Chemie in 
ihrer Anwendung auf AgrieuUur und Phynologie, 1840, 9. 62^72. On 
the influence of atmospheric electricity in the production of uitrute of 
ammonia, which, coming into contact with carbonate of lime, is changed 
fnto carbonate of ammonia, s^ BoussingauU'a Economis Rurale con» 
tidirie dans ses Rapports avec la Chimie et la MiUorologiCj 1844, t. ii., 
p. 247, 267, and 1. 1., p. 84. 
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tibly, although but slightly, over the sea and in the interior 
of continents, according to local conditions or to the seasons of 
the year. We may easily conceive that changes in the oxy- 
gen held in solution in the sea, produced by microscopic an- 
imal Organisms, may be attended by alterations in the strata 
of air in immediate contact with it.* The air which Martins 
collected at Faulhom at an elevation of 8767 feet, contained 
as much oxygen as the air at Faris.f 

The admixture of carbonate of ammonia in the atmosphere 
may probably be considered as older than the existence of or- 
ganic beings oi| the surface of the earth. The sources from 
which carbonic acidt may be yielded to the atmosphere are 
most numerous. In the £rst place we would mention the res- 
piration of animals, who receive the carbon which they inhale 
from vegetable food, while vegetables receive it from the at- 
mosphere ; in the next place, carbon is supplied from the in- 
teripr of the earth in the vicinity of exhausted volcanoes and 
thermal fiprings, from the decomposition of a small quantity of 
carbureted hydrogen gas in the atmosphere, and from the elec- 
tric discharges of clouds, which are of such frequent occurrence 
within the tropics. Besides these substances, which we have 
considered as appertaining to the atmosphere at all heights 
that are accessible to us, there are others accidentally mixed 
with them, especially near the ground, which sometimes, in 
the form of miasmatic and gaseous contagia, exercise a noxious 
influence on animal organization. Their chemical nature has 
not yet b^n ascertained by direct analysis ; but, from the con- 
sideration of the processes of decay which are perpetually go- 
ing on in the animal and vegetable substances with which the 
surface of our planet is covered, and judging from analogies 
deduced from the domain of pathology, we are led to infer the 
existence of suchtioxious local admixtures. Ammoniacal and 
other nitrogenous vapors, sulphureted hydrogen gas, and com- 
pounds analogous to the polybasic ternary and quaternary com- 
binations of the vegetable lungdom, may produce miasmata, t 

* Lewy, in the^ Comptet Rendtts de VAcad. det Seiencea, t. zvii., Part 
ii., p. 235-248. 

t Dumas, in the AnnaleM de Ckimie, 3e SirUi U iii., 1341, p. 257. 

t In this enumeration, the exhalation of carbonic acid by plants dur- 
ing die ni^t, while they inhale ozyeen, is not taken into account, be- 
cause the mcrease of carbonic acid irom this source is amply counter- 
balanced by the respiratory process of plants during the day. See Bous- 
tittganlt's Eeoi^ Rnralef t. i., p. 53-68, and Liebig's OrganUche ChemU^ 
•. 16, 21. 

$ Gay-Lussac, in Anmdet de Chimiet i. liii., p. 120 ; Payen, Mim. sm 
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which, under variouB fonns, may generate ague and typhui 
fever (not by any means exclusiyely on we fc, marshy ground, 
or on coasts covered by putrescent moUusca* and low bushes 
of Rhizophora mangle and Avicennia). Fogs, which have 
a peculiar smell at some reasons of the year, remind us of 
these accidental admixtures in the lower strata of the atmos- 
j^re. Winds and currents of air caused by the heating of 
the ground even carry up to a oonsideraUe elevation solid 
substances reduced to a fine powder. The dust which dark- 
ens the air for an extended area, and falls on the Cape Verd 
Islands, to which Darwin has drawn attention, contains, ac- 
cording to Ehrenberg's discovery, a host of silicious-shelled in 
fusoria. 

As principal featurea of a general descriptive picture of the 
atmosphere, we may enumerate : 

1. Variations of atmospheric pressure: to which belong 
the horary oscillations, occurring with such regularity in the 
tropics, where they produce a land of ebb and flow in the at- 
mosphere, which can not be ascribed to the attraction of the 
moon,* and. which difliers so considerably according to geo- 
graphical latitude, the seasons of the year, and the elevation 
above the level of the sea. 

2. Climatic distribution of heat, which depends on the 
relative position of the transparent and opaque masses (the 
fluid and solid parts of the surface of the earth), and on the 
hypsometrical configiyation of continents ; relations which de- 
termine the geograpldcal position and curvature of the iso- 
thermal lines (or curves of equal mean annual temperature) 
both in a horizontal and vertical direction, or on a uniform 
plane, or in diflerent superposed strata of air. 

3. The distrilnUion of the humidity of the atmosphere^ 
The quantitative relations <^ the humidity depend on the dif- 
ferences in the solid and oceanis surfaces ; on the distance from 
the equator and the level of ti^ sea ; on the form in which the 

la Composition Chimique de$ Vigitaux, p. 36, 42 ; Liebig, Org, Chemie, 
8. 229-345; Boossingaalt, Mcon. :Rurale, t. i., p. 142-153. 

* Boavard, by the application of the fonoaaliB, in 1827, which Laplace 
had deposited with the Board of I^ngitade shortly before his death, 
found that the portion of tha horary oscillations of the pressure of the 
atmosphere, which depends on the attraction of the moon, can not raise 
the mercuiy in the barometer at Paris more than the 0*018 of a milli- 
meter, while eleven years' observations at the same place show the mean 
barometric oacillation, from 9 A.M. to 3 P.M.. to be 0*756 millim., and 
from 3 P.M. to 9 P.M., 0-373 miUim. See Mimoires de VAcad, dm 
Sciences f t. vii., 1827, p. 267. 
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aqueous vapor is precipitated, and on the connection existing 
between these deposits and the changes of temperature^ and 
the direction and succession of winds. 

4. The electric condition of the atmosphere. The primary 
cause of this condition, when the heavens are serene/ is still 
much contested. Under this head we must consider the re- 
lation of ascending vapors to the electric charge and the ioxm 
of the clouds, according to the difierent periods of the day and 
year ; the difierence between the cold and warm zones of the 
earth, or low and high lands ; the frequency or rarity of thun- 
der storms, their periodicity and formation in summer and 
winter ; the causal connection of electricity, with the infre- 
quent occurrence of hail in the night, and with the phe- 
nomena of water and sand spouts, so ably investigated by 
Peltier. 

The horary oscillations of the barometer, which in the trop- 
ics present two maxima (viz., at 9 or 9j- A.M., and 10^ or 
lOf P.M., and two minima, at 4 or 4i P.M., and 4 A.M., 
occurring, therefore, in ahnost the hottest and coldest hours), 
have long been the object of my most careful diurnal and noc- 
turnal observations.* Their regularity is so great, that, in 
the daytime especially, the hour may be ascertained from the 
height of the mercurial column without an error, on the av- 
erage, of more than fifteen or seventeen minutes. In the tor- 
rid zones of the New Continent, on the coasts as well as at 
elevations of nearly 13,000 feet above ihe level of the sea, 
where the mean temperature falls to 44^*6, I have found the 
regularity of the ebb and flow of the aerial oc6an undisturbed 
by storms, hurricanes, rain, and earthquakes. The amount 
of the daily oscillations diminishes from 1*32 to 018 French 
hues from the equator to 70° north latitude, where Bravais 
made very accurate observations at Bosekop.f The supposi- 
tion that, much nearer the pole, the height of the barometer 
is really less at 10 A.M. than at 4 P.M., and, consequently, 
that the maximum and minimum influences of these hours 

* ObservaUmu faites pour eonsiater la Marche des Variedions Horaires 
dn Baromdtre sou* let Tropiquest in my RdaHon Historique du Voyage 
aux Rigions Equinoxialee, t. iii., p. 270-313. 

+ Bravais, in Kaemtz and Martins, MStSorologiet p. 263. At Halle 
(51° 29' N. lat.), the oscillation still amounts to 0-28 lines. It would 
seem that a great many observations willbe required in order to obtain 
results that can be trusted in regard to the hours of the maximum and 
minimum on mountains in the temperate zone. See the observations 
of horary variations, collected on the Faulhoni in 1832, 1841, and 184^ 
(Martins, Mitiorologie, p. 25-i.) 
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are inverted, is not confirmed by Parry's observations at Por| 
Bowen (73^ 14'). ^ 

The mean height of the barometer is somewhat less under 
the equator and in the tropics, owing to the efiect of the rising 
current,* than in the temperate zones, and it appears to attain 
its maximum in Western Europe between the parallels of 40^ 
and 45°. If with Kamtz we connect together by isobaromet- 
ric lines those places which present the ssmie mean difierence 
between the monthly extrepies of the barometer, we shall have 
curves whose geographical position and inflections yield im- 
portant conclusions regarding the influence exercised by the 
form of the land and the distribution of seas on the oscillations 
of the atmosj^ere. Hindostan, with its high mountain chains 
and triangular peninsulas, and the eastern coasts of the New 
Continent, where the warm Gulf Stream turns to the east at 
the Newfoundland Banks, exhibit greater isobarometric oscil- 
lations than do the group of the Antilles and Western Europe. 
The prevailing winds exercise a principal influence on the 
diminution of the pressure of the atmosphere; and this, as we 
have already mentioned, is accompanied, according to Daussy, 
by an elevation of the mean level of the sea.f 

As the most important fluctuations of the pressure of the 
atmosphere, whether occurring with horary or annual regu- 
larity, or accidentally, and then oflen attended by violence and 
danger,! are, like all the other phenomena of the weather, 
mainly owing to the heating force of the sun's rays, it has 
long been suggested (partly according to the idea of Lambert) 
that the direction of the wind should be compared with the 
height of the barometer, alternations of temperature, and the 
increase and decrease of humidity. Tables of atmospheric 
pressure during diflerent windsj termed barometric vrmdroses, 
a^rd a deeper insight into the connection of meteorological 
phenomena. § Dove has, with admirable sagacity, recognized, 
in the " law of rotation" in both hemispheres, which he him- 
self established, the cause of many important processes in the 
aerial ooean.|| The difierence of tempetature between the 

* Uamboldt, E»$ai awr la Giographie des PlanteSj 1807, p. 90; and 
in Rel. Hist,^ t. iii., p. 313 ; and on the diminution of attnoapheric pres.^- 
ure iu the tropical portions of tbe Atlantic, in Poggend., Anncden de.r 
Ph^sik, bd. xzxvii., s. 245-S58, and s. 468-486. 

t Daussy, in the Comptes Rendut, t. iii., p. 136. 

X Dove, Ueberdie Stitrmej in Poggend., Annalen, bd. Iii., r. 1. 

$ Leopold von Bach, Barometriscke Windrose, in Abkandl. derAkad. 
der Wiu. zu Berlin aus den Jakren 1818-1819, s. 187. 

I See DoYo, Meteorologueke UrUertuchungen, 1837, s. ^"^-^ 13 ; and 
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equatorial and polar regions enge^de/a two opposite currenU 
ih the upper strata ol the atmosphere and on the Earth's sup* 
face. Owing to the difierence between the rotatory velocity 
at the poles and at the equator, the polar current is deflected 
eastward, and the equatorial current westward, The great 
phenomena of atmospheric pressure, the warming and cooling 
of the strata of air, the aqueous deposits, and even, as Dove 
has correctly represented, the formation and appearance of 
clouds, alike depend on the opposition of these two currents, 
on the place wh^re the upper one descends, and on the dis- 
placement of the one by die other. Thus the figures of the 
clouds, which form an animated part of the charms of a land* 
scape, announce the processes at work in the upper regions of 
the atmosphere, and, when the air is calm, ^he clouds will 
oflen present, on a bright summer sky, the " projected image*' 
of the radiating soil below. 

Where this influence of radiation is modified by the relative 
position of large continental and oceanic surfaees, as between 
the eastern shore of Africa and the western part of the Indian 
peninsula, its efieots are manifested in the Indian monsoons^ 
which change with the periodic variations in the sun's decli- 
nation,* and which were known to the Greek navigators un- 
der the name of Hippqlo$. In the knowledge of the m<m* 
Boons, which undoubtedly dates back thousands of years among 
the inhabitants of Hindostan and China, of tHe eastern parts 
of the Arabian Gulf and of the wester^ shoies of the Malayan 

the exoellent obflerviiti(Mi4 of Kamtz oa the desceat pf the west wind 
of the upper current in hi^h latitodeB, and the general phenomena of ' 
the direction of the wind, m his Vorlesungen ft*«r Melerologie, 1840, b. 
58-66, 196-^00, 327-336, 353^364; and m Bchaxnacher' s Jahrbueh fitr 
1838, B. 2dl-302. A very satiafactory and vivid i«preB6atatioa of mfr* 
teorological phenomena u ^iven by Dove, in his amaU work entitled 
Witterungtverhdltniste von Berlin, 1842. On the knowledge of the 
earlier navigators of the rotation of the wind, see Ohurruca, Viage al 
Ma^eUitneSf 1793, p. 15 ; and on a remarkable expression of Columbas, 
which his son Don Fernando Colon has presented to us in his Vida del 
Almirante, cap. 55, see Humboldt, Examen Critique de VHitt, de O^ 
ograpkie, t. iv., p. 253. 

* Montvn (Malayan mwjtm, the hjppalot of the Oreeka) is derived 
from the Arabic word mauHm, a set time or season of the year, the time 
of the assemblage of pilgrims at Mecca. The word has been applied 
to the seasons at which certain winds prevail, which are, besides, named 
from places lying in the direction from whence they come ; thus, for 
instance, there is the tnausim of Aden, of Guzerat, Malabar, &c. (Las- 
sen, Indiiehe AUerlhumskunde, bd. i., 1843, s. 211). On the contrasU 
between the solid or fluid substrata of the atmosphere, see Dove, in Den 
Abhandl. der Akad, der Wis*, xu Berlin aus dem Jahr 1842, s. 239 
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Sea, and in the still more ancient and more general ac«^uaint- 
ance with land and sea winds, lies concealed, as it were, the 
geixn of that meteorologioal science which is now making snch 
rapid progress. The long chain of magnetic sUUiam extend- 
ing from Moscow to Pekin, across the whole of Northern Asia, 
will prove of immense importance in determining the law of 
the ttdfids, mnoe these stations have also for their ohject the 
inveatigation of general meteorological relations. The com- 
parison of ohservations made at places lying so many hundred 
miles apart, will decide, for instance, whether the same east 
wind hiows from the elevated desert of Gobi to the interior of 
Russia, or whether the direction of the aerial current first be- 
gan in the middle of the series of the stations, by the descent 
of the air from the higher re^ons. By means of snch observ- 
ations, we may learn, in the strictest sense, whence the wind 
Cometh. If we only take, the results on which we may de- 
pend from those places in which the observations on the direc- 
tion of the winds have been continued more than twenty years, 
we shall fihd (from the most recent and careful calculations 
of Wilhelm Mahlmann) that in the middle latitudes of the 
temperate zone, in both continents, the prevailing aerial cur- 
rent has a west-southwest direction. 

Our insight into the distribution of heat in the atmosphere 
has been rendered more clear since the attempt has been made 
to eonnect together by lines those places where the mean an- 
nual summer and winter temperatures have been ascertained 
by correct observations. The system of isothermal^ isothercd, 
and isockimenal lines, which I first brought into use in 1817, 
may, perhaps, if it be gradually perfected by the united efibrls 
of investigators, serve as cme of the main foundations of com- 
parative climatology. Terrestrial magnetism did not acquire 
a right to be regaxded as a science until partial results were 
graphically connected in a system of lines of equal dedina- 
tion, eqtial indination, and equal intensity. 

The term climate^ taken in its most general sense, indicates 
all the changes in the atmosphere which sensibly affect our 
organs, as temperature, humidity, variations in the baromet- 
rical pressure, the calm state of the air or the action of opjx*- 
site winds, the amount of electric tension, the purity of the 
atmosphere or its admixture with more or less noxious gase- 
ous exhalations, and, finally, the degree of ordinary transpar- 
ency and clearness of the sky, which is not only important 
with respect to the increased radiation from the Earth, the 
organic development of plants, and the ripening of fruits, but 
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also with reference to its influence on the feelings and mental 
condition of men. 

If the surface of the Earth consisted of one and the same 
homogeneous fluid mass, or of strata of rock having the same 
color, density, smoothness, and power of absorhing heat from 
the solar rays, and of radiating it in a similar manner through 
the atmosphere,' the isothermal, isotheral, and isochimenal 
lines would all be parallel to the equator. In this hypothet- 
ical condition of the Earth's surface, the power of absorbing 
and emitting light and heat would every where be the same 
under the same latitudes. The mathematical consideration 
of climate, which does not exclude the supposition of the ex- 
istence of currents of heat in the interior, or in the external 
crust of the earth, nor of the propagation of heat by atmos- 
pheric currents, proceeds from this mean, and, as it w6re, 
primitive condition. Whatever alters the capacity for ab- 
sorption and radiation^ at places lying under the same parallel 
of latitude, gives rise to inflections in the isothermal lines. 
The nature of these inflections, the angles at which the iso- 
thermal, isotheral, or isochimenal lines intersect the parallels 
of latitude, their convexity or concavity with respect to the 
pole of the same hemisphere,, are dependent on causes which 
more or less modify the temperature under diflbrent degrees 
of longitude. 

The progress of Climatology has been remarkably favored 
by the extension of European civilization to two opposite 
coasts, by its transmission from our western shores to a conti- 
nent which is bounded on the east by the Atlantic Ocean. 
When, after the ephemeral colonization from Iceland and 
Greenland, the British laid the foundation of the flrst perma- 
nent settlements on the shores of the United States of Amer^ 
ica, the emigrants (whose numbers were rapidly increase^ in 
consequence either of religious persecution, fanaticism, or love 
of freedom, and who sooil spread over the vast extent of ter- 
ritory lying between the Carolinas, Virginia, and the St. Law- 
rence) were astonished to find themselves exposed to an intens- 
ity of winter cold far exceeding that which prevailed in Ita- 
ly, France, and Scotland, situated in corresponding parsdlels 
of latitude. But, however much a consideration of these cli- 
matic relations may have awakened attention, it was not at- 
tended by any practical results until it could be based on the 
numerical data of mean anmud temperature. If, between 
58^ and 30^ north latitude, we compare Nain, on the coast 
of Labrador, with Grottenburg ; Hahfaxwith Bordeaux ; New 
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York with Naples ; St. Augustine, in Florida, with Cairo, we 
find that, under the same degrees of latitude, the difierences 
of the mean annual temperature hetween Eastern America 
and Western Europe, proceeding from north to south, are suc- 
cessively 20O-7, 130-9, 60-8, and almost QO. The gradual 
deicrease of the difierences in this series extending over 28^ 
of latitude is very striking. Further to the south, under the 
tropics, the isothermal lines ate every where parallel to the 
equator in both hemispheres. We see, from the above exam- 
ples, that th6 questions often asked in society, how many de- 
grees* America (without distinguishing between the eastern 
and western shores) is colder than Europe ? and how much 
die mean annual temperature of Canada and the United 
States is lower than that of corresponding latitudes in Eu- 
rope ? are, when thus generally eaypressed^ devoid of meaning. 
There is a separate di&rence for each parallel of latitude, and 
without a special comparison of the winter and summer tem- 
peratures of the opposite coasts, it will be impossible to arrive 
at a correct idea of climatic relations, in their influence on 
agriculture and other industrial pursuits, or on the individual 
comfort or discomfort of mankina in general. 

In enumerating the causes which produce disturbances in 
the form of the isothermal lines, I would distinguish between 
those which raise and those which hwer the temperature. 
To the first class belong the proximity of a western coast in 
the temperate zone ; the divided configuration of a continent 
into peninsulas, with deeply-indented bays and inland seas ; 
the aspect or the position of a portion of the land with refer- 
ence either to a sea of ice spreading far into the polar circle, 
or to a mass of continental land of considerable extent, lying 
m the same meridian, either under the equator, or, at least, 
within a portion of the tropical zone ; the prevalence of south- 
erly or westerly winds on the western shore of a continent in 
the temperate northern zone ; chains of mountains acting as 
protecting walls against winds coming from colder regions ; 
the infrequency of swamps, which, in the spring and begin- 
ning of summer, long remain covered with ice, and the ab- 
sence of woods in a dry, sandy soil ; finally, the constant se- 
renity of the sky in the summer months, and the vicinity of 
an oceanic current, bringing water which is of a higher tem- 
perature than that of the surrounding sea. 

Among the causes which tend to lower the mean annual 
temperature I include the following : elevation above the level 
of the sea, when not forming part o^ au extended plain ; the 
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vicinity of an eastern coast in high and middle latitudes ; the 
compact configuratioii of a continent having no littoral cunr- 
atures or bays ; the extension of land toward the poles into 
the region of perpetual ice, without the intervention of a sea 
remaining open in the winter; a geographical position, in 
which the equatorial and tropical regions are occupied by the 
sea, and, consequentlyi the absence, under the same meridian, 
of a continental tropical land having a strong capacity for the 
absorption and radiation of heat ; mountain chains, whose 
mural form and direction impede Uie access of warm winds , 
the vicinity of isolated peaks, occasioning the descent of cold 
currents of air down their declivities ; extensive woods, which 
hinder the insolation of the soil by the vital activity of theii 
foliage, which produces great evaporation, owing to the ex- 
tension of these organs, and increases the surface that is cool- 
ed by radiation, acting consequently in a three-fold manner, 
by shade, evappraticu, and radiation ; the frequency of swamps 
or marshes, which in the north form a kind of subteiraneaa 
glacier in the plains, lasting till the middle of the summer ; a 
cloudy summer sky, which weakens the action of the solar 
rays ; and, finally, a very clear winter sky, favoring the radi- 
ation of heat.* 

The simultaneous action of these disturbing causes> wheth- 
er productive of an increase or decrease of heat, determines, 
as the total efiect, the inflection of the isothermal lines, espe- 
cially with relation to the expansion and configuration of sojid 
continental masses, as compared with the liquid oceanic. 
These perturbations give rise to convex and concave summits 
of the isothermal curves. There are, however, difierent or* 
ders of disturbing cai^es, and each one must, therefore, be 
considered separately, in order that their total efiect may aft- 
erward be investigated witii reference to the motion (direo- 
tion, local curvature) of the isothermal lines, and the actions 
by which they are connected together, modified, destroyed, or 
increased in intensity, as manifested in the contact and inter- 
section of small oscillatory movements. Such is the method 
by which, I hope, it may some*day be possible to connect to- 
gether, by empirical and numerically expressed laws, vast se- 
ries of apparently isolated facts, and to exhibit the mutual de- 
pendence which must necessarily exist among them. 

The trade winds — easterly winds blowing within the trop- 
ics — give rise, in both temperate zones, to the west, or west- 

* HunU^oldt, Reeherehes sur le$ Cauaet des Tr^fiexians des Ugne$ Jbo' 
themtesy ip Aaie Centr., t. ui.„p. 103-114^ 118, 122, 188. 
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southwest winds whioh prevail in those regions, and wiiieh 
axe land winds to eastern coasts, and sea winds to western 
coasts, extending over a space which, from the great mass 
and the sinking of its cooled particles, is not capable of any 
considerable degree of cooling^, and hence it follows that the 
east winds of the Continent must be cooler thau the west 
winds, where their temperature is not afieeted by the occur- 
rence of oceanic currents near the shore. Cook's young com- 
panion on his second voyage of circumnavigationi the intelli- 
gent George Forster, to whom I am indebted for the lively 
interest which prompted me to undertake distant travels, was 
the first who drew attention, in a definite manner, to the cli- 
matic difierences of temperature existing in the eastern and 
western coasts of both ccmtinents, and to the similarity of 
temperature of the western coast of North America in the 
middle latitudes, with that of Western Europe.'^ Even in 
northern latitudes exact observationa show a striking difier- 
ence between the mean annual temperature of the east and 
west coasts of America. The mean annual temperature of 
Nain, in Labrador (lat. 67^ KH), is fully 60-8 below the firaez- 
ing point, while on the northwest coast, at New Archangel, 
in Russian America (lat. 57^ 3'), it itf 12^*4 above this point. 
"At the first-named place, the mean summer temperature 
hardly amounts to 43^, yifiniei at the lattcar place it is 57^. 
Pekin (39^ 54'), on the eastern coast of Asia, has a mean an- 
nual temperature of 52^-3, which is 9^ below that of Naples, 
situated somewhat further to the north. The mean winter 
temperature of Pekin is at least ^'4 below the fipee2dng point, 
while in Western Europe, even at Paiis (48^ 50'), it is near- 
ly 6^ above the freezing point. Pekin has also a mean win- 
ter cold whidi'is 4^*5 lower than that of Cop^ihagen, lying 
170 further to the north. 

We have already seen the slowness with which the great 
mass of the ocean follows the variations of temperature in the 
atmosphere, and how the sea acts in equalizing temperatures, 
moderating simultaneously the severity of winter and the heat 
of summer. Henco arises a second more important contrast 
— that, namely, between insular and littoral climates enjoyed 
by all articulated continents having deeply-indented bays and 
peninsulas, and between the climate of the interior of great 
masses of solid land. This remarkable contrast }^ been fully 

* George Forster, Kleme Schriftent th. iii., 1794, s. 87 ; Dove, in 
Schamacher's Jakrhueh fUr 1841, s. 289; K&mtz, M«teoroU>g%», bd. ii., 
8. 41. 43, 67, and 96 ; Arago, in the C(mpte$ RendiUf t i^ p. 268. 
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developed by Leopold ron Bacli in all its yarious phenomena, 
both with respect to its iniiuence on vegetation and agricul- 
ture, on the transparency of the atmosphere, the radiation of 
the soil, and the elevation of the line of perpetual snow. In 
the interior of the Asiatic Qontii^ent, Tobolsk, Barnaul on the 
Oby, and Irkutsk, have the same mean summer heat as Ber- 
lin, Munster, and Cherbourg in Normandy, the thermometer 
sometimes remaining for weeks together at 86^ or 88°, while 
the mean winter temperature is, during the coldest month, as 
low as — 0*^-4 to — 4°. These continental climates have 
therei^re justly been termed excessive by the great mathema- 
tician and physicist Bu^n ", and the inhabitants who live in 
countries having such excessive climates seem dmost con- 
demjaed, as Dante expresses himself, 

" A sofferir tormenti caldi e geli."* _ 

In no portion of the eajrth, neither in the Canary Islands, 
in Spain, nor in the south of France, have I ever seen more 
luxuriant fruit, especially grapes, than in Astrachan, near the 
shores of the Caspian Sea (46° 21'). Although the mean 
annual temperature is about 48^, the mean summer heat 
rises to 70°, as at Bordeaux, while not only there, but also 
further to the south, as at Kislar on the mouth of the Terek 
(in the latitude of Avignon and Bimini), the thermometer 
sinks in the winter to — 13° or — 22°. 

Ireland, Guernsey, and Jersey, the peninsula of Brittany, 
the coasts of Normandy, and of the south of England, present, 
by the mildness of their winters, and by the low temperature 
and clouded sky of their summers, the most striking contrast 
to the continental climate of the interior of Ei^tem Europe. 
In the northeast of Ireland (54° 56'), lying under the same par- 
allel of latitude as Konigsberg in Prussia, the myrtle blooms 
as luxuriantly as in Portugal. The mean temperature of the 
month of August, which in Hungary rises to 70°, scarcely 
reaches 61° at Dublin, which is situated on the same isother- 
mal line of 49° ; the mean winter temperature, which falls to 
about 28° at Pesth, is 40° at Dublin (whose mean annual 
temperature is not more than 49°) ; 3°-6 higher than that of 
Milan, Pavia, Padua, and the whole of Lombardy, where the 
mean annual temperature is upward of 55^^. At Stromness, 
in the Orknevs, scarcely half a degree further south than Stock- 
holm, the wmter temperature is 39°, and consequently higher 
than that of Paris, and nearly as high as that of London. 
* Duite, Dtvina Commedia, Purgatorio^ canto iii. 
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Even in the Faroe Islands, at 62° latitude, the inland waters 
never freeze, owing to the favoring influence of the west winds 
and of the sea. On the charming coasts of Devonshire, near 
Salcombe Bay, which has been termed, on account of the 
mildness of its climate, the MorUpellier of the North, the 
Agave Mexicana has been seen to blossom in the open air, 
while orange-trees trained against espaliers, and only slightly 
protected by matting, are found to bear fruit. There, as well 
as at Penzance and Gosport, and at Cherbourg on the coast 
of Normandy, the mean winter temperature exceeds 42°, fall- 
ing short by only 2°*4 of the mean winter temperature of 
Montpellier and Florence.* These observations will suflice 
to show the important influence exercised on vegetation and 
agriculture, on the cultivation of fruit, and on the comfort of 
mankind, by diflerences in the distribution of the same mean 
annual temperature, through the different seasons of the year^ 
The lines which I have termed isochimenal and isotheral 
(lines of equal winter and equal summer temperature) are by 
no means parallel with the isothermal lines (lines of equal 
annual temperature). If, for instance, in countries where 
myrtles grow wild, and the earth does not remain covered 
with snow in the winter, the temperature of the summer and 
autunm is barely sufficient to bring apples to perfect ripeness. 
Mid if, again, we observe that the grape rarely attains the 
ripeness necessary to convert it into wine, either in islands or 
in the vicinity oi the sea, even when cultivated on a western 
cpast, the reason must not be sought only in the low degree 
of summer heat, indicated, in littoral situations, by the ther- 
mometer when suspended in the shade, but likewise in another 
cause that has not hitherto been sufficiently considered, al- 
though it exercises an a,ctive influence on many other phe- 
nomena (as, fer instance, in the inflammation of a mixture of 
chlorine and hydrogen), namely, the difference between direct 
and diffused light, or that which pevails when the sky is clear 
and when it is overcast by mist. I long since endeavored to 
attract the attention of physicists and physiologists^ to this 

* Humboldt, Sur les Lignet IsotkermeSf in the MSmoires de Physique 
tt de Chimie de la 8oci4U d^Aretteil, t. iii., Paris, 1817, p. 143-165; 
Knight, in the TroTisactions of the Hortidfltural Society of Lo^idon, vol. 
, p. 32 ; Watson, Remarks on the Geographical Distribution of British 
Plants, 1835, p. 60; Trevelvan, in JamieBon^a EdiTtburgh New Phil, 
Jonrnalj No. 18, p. 154; Manlmann, in his admirable Germ;ui transla 
tion of my Asie Centraiey th. ii., s. 60. 

t " Haec de temperie aeris, qai terram late circumfundit, ae in quo, 
longe a solo, instnimenta nostra meteorologica sospensa babemus. Sed 
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di&fence, and to.the unmetmtred heat which is locally devel- 
oped in the living vegetable oeU* by the acticML of direct light. 
If, in ibnuing a thermic scale of di^rrait kinds of cnltiT»- 
tion,* we begin with tho^e plants which require the hottest 
climate, as the vanilla, the cacao, banana, aoKi cocoa-nut, and 
proceed to pine-apples, the sngar-cane, eo&e, fruit-bearing 
date*trees, the cotton-tree, citrons,; olives. ediUe chestnuts, and 
vines producing potable wine, an exact geographical consider- 
ation of the limits of cultivation, both on ]dains and on the 
declivities of mountains^ will teach us that other climatic re- 
lations besides those of mean annual temperature are involved 
in these phenomena. Taking an example, fcr instance, finem 
the cultivation of the vine, we find that, in order to procure 
potaUe wipe.t it is requisite that the mean annual heat should 
exceed 49^, that the winter temperature should be upward of 
330, and the mean simuner temperature upward <^ 64^. At 
Bordeaux, in the valley of the Garonne {4AP 5(y lat.), the 
mean annual, winter, summer, and a,utumn temperatures are 
respectively ^1^, 43^, 71<5, and 6&=>, In the plains near the 

alia est caloris vis, qaem radii solis noIUs nubibus velati^ io Ibliia ipsU 
et fructibns matnrescentibus, magis miimsve coloratis, gignunt, qudm- 
qae, at egregia demonstrant ezperimenta amicissimoram Gaj-Lnssacii 
et TheDardi de combostione chkri et hydro^enis, ope tbermometri me- 
tiri ne^ais. Etenim locis planis et mfzatams, Tento Ube spirante, cip> 
comfusi aeris temperies eadem esse potest cobIo sodo vel neboloso ; ide- 
oque ex observatioiubas solis thermometricis, nuUo adhibito Photome- 
tro, haad cogoosces, qnam ob caasam Chdliffi septentrionalis tractos 
Armoricanus et Nervicns, versus Uttora, coslo temperato sed scje raro 
Qtenlia, Vitem fere non tolerant. ^ Egent enim stirpes non solum oaloris 
stimulo, ied et locis, quae magis intensa locis excelsis quam plaois, du- 
plici modo plantas movet, vi sua tumpropria, turn calorem in saped&cie 
eanim excitante." — Humboldt, De DUtribtttione Oeographica Planta- 
rum, 1817, p. 183-164. 

* Humboldt, op. cit., p. 156*161; Meyen, in his Orundriu dor 
l^flanztngeograpMe, 1836, s. 379-467 ; Boussingault, Economie Rurale, 
t. ii., p. 675. 

t Tne following table illustrates the cultivation of the vine in Europe, 
and also the depreciation of its produce according to climatic relations. 
See my. Atie Cmtrale, t. iii., p. 159. The exan^ples quoted in the text 
for Bordeaux and Potsdam are, in respect of numerical relation, alike , 
applicable to the countries of the Rhine and Maine (48^ 35' to 50^ 7' ' 
N. lat.V Cherbourg in Normandy, and Ireland, show in the most re* 
markaole manner lutw, with thermal relations very nearly similar to 
those prevailing in the interior of the Contio^it (as estimated by the 
thermometer in the shade), the results are nevertheless extremely dif- 
ferent as regards the ripeness or the unripeness of the fruit of the vine, 
thds difference undoubtedly depending on the circumstance whether 
the vegetation of the plant proceeds under a bright sonny sky, o*- un 
dar a sky t^^t is babitoRlly obscured by cloi|ds: 
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Baltic {529 30' lat), where a wiAe is produced that can 
scarcely be considered potable, these numbers are as follows : 
4705, 310, 630-7, and 47^*5. If it should appear strange 
that the great difierenoes indicated by the influence of climate 
on the production of wine should not be more clearly manifest- 
ed by our thermometers, the circumstance will aj^ar less 
singular when we remember that a thermometer standing in 
the shade* and protected from the e^t of direct insolation 
and nocturnal radiation can not, at all seasons of the year, and 
during all periodic changes of heat, indicate the true superficial 
temperature of the ground exposed to the whole eflect of the 
sun's rays. 

The same relations which exist between the equable littoral 
climate of the peninsula of Brittany, and the lower winter and 
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Bordeaux . . . 


.44 50 


25-6 


57-0 


43-0 


56*0 


710 


580 


10 


Strasbourg. . . 


48 35 


4790 


49*6 


34-5 


500 


64-6 


50*0 


35 


Heidelberg. . 


49 24 


333-5 


49-5 


34-0 


50-0 


64-3 


49-7 


20 


Manheim . . . 


49 29 


300-5 


50-6 


34-6 


50-8 


67-1 


49-5 


12 


Wflrzburg. . . 


49 48 


562-5 


50-2 


35-5 


50-5 


65-7 


49-4 


27 


Frankfort on 


















Maine 


50 7 


388-5 


49-5 


33-3 


500 


64-4 


49-4 


19 


Berlin 


52 31 


102-3 


47-5 


310 


46-6 


63-6 


47-5 


23 


Cherbourg (no 


49 39 


.... 


52-1 


41-5 


50-8 


61-7 


54-3 


3 


wine) 


















Dublin (ditto) 


53 23 


.... 


491 


40-2 


471 


59-6 


49-7 


13 



The great accordance in the distribution of the annual tem^ratura 
tfaroush the different seasons, as presented by the results obtained for 
the valleys of the Rhine and Maine, tends to confinn the accuracy of 
these meteorological observations. The months of December, January, 
and February are reckoned as winter months. When the difierent 
qualities of the wines produced in Franconia, and in the countries 
around the Baltic, are compared with the mean sutnmer and autumn 
temperature of WOrzburg and Berlin, we are almost surprised to find 
a difference of only about two degrees. The difference in the spring 
is about four degrees. The influence of late May frosts on the flower* 
ing season, and after a correspondingly cold winter, is almost as im 
portant an element as the time of the 8ubse<|nent ripening of the grape, 
and the influence of direct, not diffused, hght of the unclouded sun 
The difference alluded to in the text between the trae temperature oi 
the surface of the ground and the indications of a thermometer sns 
pended in the shade and protected from extraneous influences, is in 
ferred by Dove from a consideration of the results of fifteen- years' ob 
servatious made $it the Chiswick Gardens. See Dove, in Berieht iLbe^ 
die Verhandl, der Berl. Akad, der Wu$., August, 1844, s. 285. 
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iiigher samraer temperature of the remainder of the contiiient 
of France, are likewise manifested, in some degree, between 
Europe and the great continent of Asia, of which the former 
may be considered to constitute the western peninsula. Eu- 
rope owes its milder climate, in the first place, to its position 
^ with respect to Africa, whose -wide extent of tropical land is 
favorable to the ascending current, while the equatorial region 
to the south oi Asia is almost wholly oceanic ; and' next to its 
deeply-articulated configuration, to the vicinity of the ocean 
on its western shores ; and, lastly, to the existence of an open 
sea, which bounds its northern confines. Europe would there- 
fore become colder* if Africa were to be overflowed by the 
ocean ; or if the mythical Atlantis were to arise and connect 
Europe with North America ; or if the Gulf Stream were no 
longer to difiuse the warming influence of its waters into th^ 
North Sea ; or if, finally, another mass of solid land should be * 
upheaved by volcanic action, and interposed between the 
Scandinavian peninsula and Spitzbergen. If we observe that 
in Europe the mean annual temperature falls as we proceed, 
fit)m west to east, under the same parallel of. latitude, from 
the Atlantic shores of France through Germany, Poland, and 
Russia, toward the Uralian Mountains, the main cause of this 
phenomenon of increasing cold must be sought in the form of 
the continent (which becomes less indented, and wider, and 
more compact as we advance), in the increa^in^ distance from 
seas, and in the diminished influence of westerly M'inds. Be- 
yond the Uralian Mountains these winds are converted into 
cool land-winds, blowing over extended tracts covered with 
ice and snow. The cold of western Siberia is to be ascribed 
to these relations of configuration and atmospheric currents, 
and not — as Hippocrates and Trogus Pompeius, and even cele- 
brated travelers of the eighteenth century conjectured — to the- 
great elevation of the soil above the level of the sea.t 

If we pass from the diflerences of temperature manifested in 
the plains to the inequalities of the polyhedric form of the sur- 
face of our planet, we shall have to consider mountains either 
in relation to their influence on the climate of neighboring 

* See my memoir, Ueber die Haupt^Urtacken der Temperatnrver- 
sekiedenheii auf der Erdoberjldche, in the Abhandl* der Akad. der Wit- 
terueh, zu Berlin von dem Jakr 1827, s. 311. 

+ The general level of Siberia, from Tobolsk, Tomsk, and Bamaal, 
from the Altai Mountains to the Polar Sea, is not so high as that of 
Manheim and Dresden ; indeed, Irkutsk, far to the east of the Jenisei, 
is only 1330 feet above the level of the sea, or about one third lowei 
than Munich. 
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tralleys, or according to the efiects of the hypsometrical rela- 
tions on their own summits, which often spread into elevated 
p.tttcaux. The division of mountains into chains separates 
the earth's surface into difierent basins, which are often nar 
row and walled in, forming caldron-lilse valleys, and (as in 
Greece and in part of Asia Minor) constitute an individual 
local climate with respect to heat, moisture, transparency of 
atmosphere, and frequency of winds and storms. These cir- 
cumstances have at all times exercised a powerful influence 
on the character and cultivation of natural products, and on 
the manners and institutions of neighboring nations, and even 
on the feelings with which they regard one another. This 
character of geographical individuality attains its maximum, 
if we may be allowed so to speak, in coimtries where the dif- 
ferenced in the configuration of the soil are the greatest possi- 
ble, either in a vertical or horizontal direction, both in reh^f 
and in the articulation of the ccmtinent. The greatest con- 
trast to these varieties in the relations of the surface of the 
earth are manifested in the Steppes of Northern Asia, the 
grassy plains (savannahs, llanos, and pampas) of the New 
Continent, the heaths {Ericeta) of Europe, and the sandy and 
stony deserts of Africa. 

The law of the decrease of heat with the increase of eleva- 
tion at different latitudes is one of the mosi important subjects 
involved in the study of meteorological processes, of the geog- 
raphy of plants, of the theory of terrestrial refraction, and of 
the various hypotheses that relate to the determination of the 
height of the atmosphere. In the many mountain journeys 
which I have undertaken^ both within and without the trop- 
ics, the investigation of this law has always fortned a special 
object of my researches.* 

Since we have acquired a more accurate knowledge of the 
true relations of the distribution of heat on. the surface of the 
earth, that is to say, of the inflections of isothermal and isoth- 
eral lines, and their unequal distance apart in the difierent 
eastern and western systems of temperature in Asia, Central 
Europe, and North Ainerica, we can no longer ask the gen- 
eral question, what fraction df the mean annual or summer 
temperature corresponds to the difference of one degree of 
geographical latitude, taken in the same meridian ? In each 
system of isothermal lines of equal curvature there reigns a 

* Humboldt, Recueil d^ Observaium§ Attronomiques, U i., p. 126-140; 
Relation HistoriquCf t. i., p. 119, 1^1, 227; Biot, in Connaitsanee des 
Tempi jHwr Pan 1841, p. 90-109. 
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dose and neoefisaiy connectioa between thfee elements, name 
ly, tlie decrease of heat in a vertical direction from below up 
wardi the di^rence of ^mperatare for every one degree of 
geographical latitude, and the uniformity in the mean tem- 
perature of a mountain station, and the latitude of a point 
situated at the level of the sea. 

In the system of Eastern America, the mean annual temper 
ature from the coast of Labrador to Boston changes 1^*6 foi 
every degree of latitude; from Boston to Charleston about 
1°'7 ; from Charleston to the tropic of Cancer, in Cuba, the 
variation i# less rapid, being only 1°*2. In the tropics this 
diminution is so much greater, that from the Havana to 
Cumana the variation is less than 0°*4 for every degree of 
latitude. 

The ease is quite difierent in the isothermal system of Cen- 
tral Europe. Between th^ parallels of 38° and 71° I found 
that the decrease of temperature was very regularly 0°'9 fox 
every degree of latitude. But as, on the other hand, in Cen- 
tral Europe the decrease of heat is 1°'8 for about every 534 
feet of verticzU elevation, it follows that a di&rence of eleva- 
tion of about 267 feet corresponds to the di£[erence of one de- 
gree of latitude. The same mean annual temperature as that 
occurring at the Convent of St. Bernard, at an elevation of 
8173 feet, in lat. 45° 50', should therefore be met with at the 
leveloftheseainlat. 75°50'. . - 

In that part of the Cordilleras which falls within the tropics, 
the observations I made at various heights, at an elevation of 
upward of 19,000 feet, gave a decrease of 1° for- every 341 
feet ; and my friend Boussingault found, thirty years after- 
ward, as a m«an result, 319 feet. By a comparison of places 
in the Cordilleras, lying at an equal elevation above the level 
of the sea, either on the declivities of the mountains or even 
on ezteuj&ive elevated plateaux, I observed that in the latter 
there was an increase in the annual temperature varying from 
2°*7 to 4°* 1 . Thifi difference would be still greater if it were 
not for the cooling effect of nocturnal radiation. As the dif- 
ierent climates are arranged in successive strata, the one above 
the other, from the cacao woods of the valleys to the region 
of perpetual snow, and as the temperature in the tropics va- 
ries but Uttle throughout the year, we may form to ourselves 
a tolerably correct representation of the climatic relatbns to 
which the inhabitants of the large cities in the Andes are sub- 
jected, by comparing these climates with the temperatures of 
particular months in the plains of France and Italy. While 
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iho 'heat which prevails daily on the woody shores of the 
Qrinooo exceeds by 7^-2 that of the month of August at Pa- 
lermo, we find, on ascending the chain of the Andes, at Po- 
payan, at an elevation of 5826 feet, the temperature of the 
three summer months of Marseilles; at Quito, at an eleva- 
tion of 9541 feet^ that of the close of May at Paris ; and on 
the Paramos, at a height of 11,510 feet, where only stunted 
Alpine shrubs grow, l;hough flowers still bloom in abund- 
ance, that of the beginning of April at Paris. The intelligent 
observer, Peter Martyr de Anghiera, one of the friends of 
Chiistopher Columbus, seems to have been the first who rec- 
ognized (in the expedition undertaken by Rodrigo Enrique 
Colmenares, in October, 1510) that the limit of perpetual 
snow continues to ascend as we approach the equator. We 
read, in the fine work De Rebus Oceanids,* " the River Graira 
comes from a mountain in the Sierra Nevada de Santa Marta* 
which, according to the testimony of the companions of Col- 
menares, is higher than any other mountain hitherto discov- 
ered. It must undoubtedly be so if a^ retain snow perpet- 
ually in a zone which is not more than 10° from the equi- 
noctial line." The lower limit of perpetual snow, in a given 
latitude, is the lowest line at which snow continues during 
summer, or, in other words, it is the maximum of height to 
which the snow-line recedes in the course of the year. But 
this elevation must be distinguished from three other phe- 
nomena, namely, the annual fluctuation of the snow-line, the 
occurrence of sporadic falls of snow, and the existence of gla- 
ciers, which appear to be peculiar to the temperate and cold 
zones. This last phenomenon, since SausBure*s immortal 
work on the Alps, has received much light, in reoent times, 
&om the labors of Venetz, Charpentier, and the intrepid and 
persevering observer Agassiz. 

We know only the loioer, and not the upper limit of per- 
petual snow ; for the mountains of the earth do not attain to 
those ethereal regions of the rarefied and dry strata of air» in 
which we may suppose, with Bouguer, that the yesi^es of 
aqueous vapor are converted into crystals of ice, and thus ren- 
dered perceptible to our organs of sight. Th^ lower limit of 
snow is not, however, a mere fimction of geographical latitude 
or of mean annual temperature ; nor is it at the equator, or 

* Anglerins, Ve Itebu* Oeeanieu, Dec.xi., lib. ii., p. 140 (ed. Ool., 
1574). In the Sierra de Santa Marta, the highest point of which ap» 
pears to exceed 19,000 feet (see my R6lat. Hi»t., t. li., p. 214), there is 
a peak that is still called Pico de Gaira. 
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even in the region of the tropics, that this limit attains its 
greatest elevation above the level of the sea. The phenome- 
non of which we are treating is extremely complicated, de> 
pending oh the general relations of temperature and humidity^ 
and on the form of mountains. On submitting these relations 
to the test of special analysis, as we may be permitted to do 
from the number of determinations that have recently been 
made,* we shall find that the controlling causes are ihe dif- 
ferences in the temperature of difierent seasons of the year ; 
the direction of the prevaiUng 'winds and their relations to the 
land and sea ; the degree of dryness or humidity in the upper 
strata of the air ; the absolute thickness of the accumulated 
masses of fallen snow ; the relation of the snow-line to the to- 
tal height of the mountain ; the relative position of the latter 
in the chain to which it belongs, and the steepness of its de- 
clivity ; the vicinity of other sunamits likewise perpetually 
covered with snow ; the expansion, position, and elevation of 
the plains fron^ which the snow-mountain rises as an isolated 
peak or as a portion of a chain ; whether this plain be part 
of the sea-coast or of the interior of a continent ; whether it 
be covered with wood or waving grass ; and whether, finally, it 
consist of a dry and rocky soil, or of a wet and marshy bottom. 
The snow-line which, under the equator in South Ameri- 
ca, attains an elevation equal to that of the summit of Mont 
Blanc in the Alps, and descends, according to recent measure- 
ments, about 1023 feet lower toward the northern tropic in 
the elevated plateaux of Mexico (in 19^ north latitude), rises, 
according to Pentland, in the southern tropical zone (14^ 30' 
to 18^ south latitude), being more than 2665 feet higher in 
the maritime and western branch of the Cordilleras of Chili 
than under the equator near Quito on Chimborazo, Cotopaxi, 
and Antisana. Dr. Gillies even asserts that much further to 
the south, on the declivity of the volcano of Feuquenes (lati- 
tude 33^), he found the snow-line at an elevation of between 
14,520 and 15,030 feet. The evaporation of the snow in the 
extremely dry air of the summer, and under a cloudless sky, 
is so powerful, that the volcano of Aconcagua, northeast of 
Valparaiso (latitude 329 30'), which was found in the expe- 
dition of the Beagle to be more than 1400 feet higher than 
Chimborazo, was on one occasion seen free from snow.t In 

* See my table of the height of the line of perpetaal bqow, in both 
hemispheres, from 71^ 15' north lat. to 53^ 54' south lat., in my Ant 
Centrale, t. iii., p. 360. 

t Darwin, Jtmrmd of the Voyagei of tke AdvetUure mtd Beagle, p. 297 . 
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an^almost equal northern latitude (from 30^ 45' to 31^), the 
snow-line on the southern declivity of the Him&laya lies at an 
elevation of 12,982 feet, which is ahout the same as the height 
which we might have assigned to it from a comparison with 
other mountain chains ; on the northern declivity, however, 
under the influence of the high lands of Thihet (whose mean 
elevation appears to be about 11,510 feet), the snow-line is 
situated at a height of 16,630 feet. This phenomenon, which 
has long been contested both in Europe and in India, and 
whose causes I have attempted to develop in various works, 
published since 1820,* possesses other grounds of interest than 

As the volcano of Acontagua was not at that time in a state of eruption, 
we must not ascribe the remarkable phenomenon of the absence of 
snow to the internal heat of the mountain (to the escape of heated air 
through fissures), as is sometimes the case with Cotopaxi. GiUies, in 
the Journal of Natural Science, 1830, p. 316. 

* See my Second Mimoire sur lee Montagnes de VInde, in the Annalee 
de Chimie et de Physique, t. xiv., p. 5-55 ; and Asie Centrale, t. iii., p. 
281-327. While the most learned and experienced traveiers in India, 
Colebrooke, Webb, and Hodgson, Victor Jacquemont, Forbes Boyle, 
Carl von Hiigel, and Vigne, who have all pei*sonairy examined the 
Himulaya range, are a^eed regarding the greater elevation of the 
snow-litie on the Thibetian side, tne accuracy of this statement is called 
in question by John Gerard, by the geognosist MacCIelland, the editor 
of the Calcutta Journal, and by Captain Thomas Hutton, assistant sur- 
veyor of the Agra Division. The appearance of my work on Central 
Asia gave rise to a rediscussion of this question. A recent number (vol. 
iv., January, 1844) of MacCIelland and Griffith's Calcutta Journal of 
Natural History contains, however, a very remarkable and decisive no- 
tice of the determination of the snow-liue in the Himalayas. Mr. Bat- 
ten, of the Bengal service, writes as follows from Camp Semulka, on the 
Cosillah River, Kumaon: "lu the July, 1843, No. 14 of your valuable 
Journal of Natural History, which I have only lately had the opportani- 
ty of seeing, I read Captain Hutton's paper on the snow of the Hima> 
layas, and as I differed almost entirely from the conclusions so confi- 
dently drawn by that gentleman, I thought it right, for the interest 
of scientific truth, to prepare some kind of anarwer ; as, however, on a 
more attentive perusal, I find that you yourself appear implicitly to 
adopt Captain Hutton's views, and actually use these words, * We have 
long been conscious of the error here so Well pointed out by' Captain 
Hutton, in. common with every one who has visited the Himalayas,* I feel 
more inclined to address you, in the firat instance, and to ask whether 
you will publish a short reply which I meditate ; and whether your 
note to Captain Hutton's paper was written after your own full and 
careful examination of the subject, or merely on a general kind of ac- 
quiescence with the fact and opinions of your able contributor, who is 
so well known and esteemed as a collector of scientific data ? Now I 
am one who have visited the Himalaya on the western side ; 1 have 
crossed the Borendo or Boorin Pass into the Buspa Valley, in. Lower 
Kanawar, returning into the Rewaien Mountains of Ghurwal by the 
Koopin Pass ; I have visited the source of the Jmnna at Jumnootree \ 
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those of a purely physical nature, since it exercises no incon- 
siderable ^gpree of influence on the mode of life of numerous 
tribes — the meteorological processes of the atmosphere being 
the controlling causes on which depend the agricultural or 
pastoral pursuits of the inhabitants of extensive tracts of con- 
tinents. 

As the quantity of moisture in the' atmosphere increases 
with the temperature, this element, which is so important for 
the whole organic creation, must vary with the hours of the 
day, the seasons of the year, and the difierences in latitude 
and elevation. Our knowledge of the hygrometric relations 
of the Earth's surface has been very materially augmented 
of late years by the general application of August's psychrom- 
eter, framed in accordance with the views of Dalton and 
Daniell, for determining the relative quantity of vapor, or the 

and, moving eastward, the sources of the Kalee or Mitndaknee branch 
of the Ganges at Kadamath ; of the Vishnoo Gnnga, or Alaknunda, at 
Buddrinath and Mana; of the Pindur at the foot of the Great Peak 
Nuudidevi; of the Dhoulee branch of the Ganges, beyond Neetee, cross- 
ing and recros8?ng the pass of that name into Thibet ; of the Goree or 
great branch of the Sardah, or Kalee, near Oonta Dhonra,* beyond Me- 
fam. I have^also, in my official capacity, made the settlement of the 
Bhote Mehals of this province. My residence of more than six years 
in the hills has thrown me constantly in the way of European and na- 
tive travelers, nor have I neglected tp acc^uire information from the re- 
corded labors of others. Yet, with all this experience, I am prepared 
to affirm that the perpetual snow-line is at a higher devation on the north- 
ern slope of * the Himalaya* than on the southern slope. 

" The facts mentioned by Captain Button appear to me only to refer 
to the northern sides of all mountains in these regions, and uoit to affect, 
in any way, the reports of Captain Webb and others, on which Hum- 
boldt formed bis theory. Indeed, how can any facts of one observer ih 
one place falsify the facts of another observer in another place ? I will- 
ingly allow that the north side of a hill retains the snow longer and 
deeper than the south side, and this observation applies equally to 
heights in Bhote ; but Humboldt^s theory is on the question of the per- 
petual snow-line, and Captain Hutton's references to Simla and Mus- 
sooree, and other mountain sites, are out of place in this question, or 
else he fights against a shadow, or an objection of his own creation. 
In no part of his paper does he quote accurately the dictum which he 
virishes to oppose." 

If the mean altitude bf the Thibetian highlands be 11,510 feet, they 
admit of comparison with the lovely and fruitful plateau of Caxamarca 
in. Peru. But at this estimate they would still be 1300 feet lower than 
the plateau of Bolivia at the Lake of Titicaca, and the causQ^vay of the 
town of Pcrtosi. Ladak, as appears from Vigne*s measurement, by de- 
termining the boiling-point, is 9994 feet high. This is probably also 
the altitude of H'Lassa (Yul-sung), a monastic city, which Chines*^ 
writers describe as the realm of pleasure^ and which is sun'ounr U-d liy 
vineyards. Must not these lie in deep valleys? 
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eondition of moisture of the atmosphere, by means of the dif* 
ference of the dew point and of the temperature of the air. 
Temperature, atmospheric pressure, and the direction of the 
wind, are all intimately connected with the vivifying action 
of atmospheric moisture. This influence is not, however, so 
much a consequence of the quantity of moisture held in solu- 
tion in difierent zones, as of the nature and frequency of the 
precipitation which moistens the ground, whether in the form 
of dew, mist, rain, or snow. According to the exposition made 
by Dove of the law of rotation, and to the general views of 
this distinguished physicist,* it would appear that, in our 
northern zone, '* the elastic force of the vapor is greatest with 
a southwest, and least with a northeast wind. On the west- 
em side of the windrose this elasticity diminishes, while it in- 
creases on the eastern side ; on the former side, for instance, 
the cold, dense, and dry current of air repels the warmer, 
lighter current containing an abundance of aqueous vapor, 
while on the eastern side it is the former current which is 
repulsed by the latter. The southwest is the equatorial cur- 
rent, while the northeast is the sole prevailing polar current." 
The agreeable and fresh verdure which is observed in many 
trees in districts within the tropics, where, lor five or seven 
months of the year, not a cloud is seen on the vault of heaven, 
and where no perceptible dew or rain falls, proves that the 
leaves are capable of extracting water from the atmosphere 
by a peculiar vital process of their own. Which perhaps is not 
alone that of producing cold by radiation. The absence of 
rain in the arid plains of Cumana, Core, and Ceara in North 
Brazil, forms a striking contrast to the quantity of rain which 
falls in some tropical regions, as> fbr instance, in the Havana, 
where it would appear, from the averi^ of six years* observ- 
ation by Ramon de la Sagra, the mean annual quantity of 
rain is 109 inches, equal to four or five times that which falls 
at Paris or at Geneva.t On the declivity of the Cordilleras, 

• See Dove, Meteorologiscke Vergleiekung von Nordamerika tend En- 
ropa^ in Schamacher's Jahrbuchfur 1841, 8. 311 ; and his Meteorohgiackt 
UfUersuehungerif b. 140. 

t The mean annual quantity of rain that fell in Paris between 1805 
and 1822 was found by Arago to be 20 inches; in London, between 
1812 and 1827, it was determined by Howard at 25 inches; while at 
Geneva the mean of thirty-two years observation was 30*5 inches. In 
Hindostan, near the coast, the quantity of rain^is from 115 to 128 inches ; 
and in the island of Cuba, fully 142 inches fell in the year 1821. With 
re^rd to the distribution of the quantity of rain in Central Europe, at 
different periods of the year, see die admirable researches of Ghisparin, 
Schouw, and Bravais, in the Btbliathique UnivertelUt t. xzxviii., p. 54 
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the quantity of rain, as well as the temperature, diminishes 
with the increase in the elevation.* My South American 
fellow-traveler, Caldas, found that, at Santa Fe de Bogota, 
at an elevation of almost 8700 feet, it did not exceed 37 
inches, heing consequently little more than on some parts of 
the western shore of Europe. Boussingault occasionally ob- 
served at Quito that Saussure's hygrometer jreceded to 26^ 
with a temperature of from 53^* 6 to 55^-4. Gay-Lussao 
saw the same hygrometer standbg at 25^3 in his great aero- 
static ascent in a stratum of air 7034 feet high, and with a 
temperature of 39^2. The greatest dryness that has yet 
been observed on the surface of the globe in low lands is 
probably that which Gustav Rose, Ehrenberg, and myself 
found in Northern Asia, between the valleys of the Irtisch 
and the Oby. In the Steppe of Platowskaja, after southwest 
winds had blown for a long time from the interior of the Con- 
tinent, with a temperature of 74^*7, we found the dew point 
at 240. The air contained only yVV*^ ^^ aqueous vapor.t 
The accurate observers Kamtz, Bravais, and Martins have 
raised doubts during the last few years regarding the greater 
dryness of the mountain air, which appeared to be proved by 
the hygrom^tric measurements made by Saussure and my^ 
self in the higher regions of the Alps and the Cordilleras. 
The strata of air at Zurich and on the Faulhom, which can 
not be considered as an elevated mountain when compared 
vnih non-European elevations, furnished the data employed 
in the comparisons made by these observers.1 In the tropical 
region of the Paramos (near the region where snow begins to 
fall, at an elevation of between 12,0.00 and 14^000 feet), some 
species of large flowering myrtle-leaved alpine shrubs are al- 
most constantly bathed in moisture; but this fact does not 
actually prove the existence of any great and absolute quan- 
tity of aqueous vapor at such an elevation, merely afibrding 

and 264; Tableau du Climat de Vltalie, p. 76; and Martins V notes to* 
his excellent French translation of Kamtz's Vorlesungen Hber Meleorol- 
ogie, p. 142. 

* According to Boussingault {Economic Ruraky t. ii., p. 693)^ the 
mean quantity of rain that fell at Marmato (latitude 5^ 27^ altitude 
4675 feet, and mean temperature 69^) in the yesurs 1833 and 1834 wtis 
64 inches, while at Santa F6 de Bogota (latitude 4^ 36'^ altitude 8685 
feet, and mean temperature 58°^ it only amounted to 39^ inches. 

t For the particulars of this ooservation, see m.\ Ane Centrales t. iii., 
p. 85-89 and 567 ; and regarding the amount of vapor in the atmu> 
phere in the lowlands of tropical South America, consult my JR^fat 
HUt., t. i., p. 242-248; t. ii., p. 45, 164. 

X Kamtz, Vorletungen dder Meteorologies s. 117. 
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an evidence of the frequency of aqueous precipitation, in like 
manner as do the frequent mists with which the lovely pla- 
teau of Bogota is covered. Mists arise and disappear several 
times in the course of an hour in such elevations as these, and 
with a calm state of the atmosphere. These rapid alterna 
l^ons characterize the Paramos and the elevated plains of the 
chain of the Andes. 

The electricity of the atmosphere, whether considered in 
the lower or in the upper strata of the clouds, in its silent 
prohlematical diurnal course, or in the explosion of the light- 
ning and thunder of the tempest, appears to stand in a mani- 
fold relation to all phenomena of the distribution of heat, of 
the pressure of the atmosphere and its disturbances, of hydro- 
meteoric exhibitions, and probably, also, of the magnetism of 
the external crust of the earth. It exercises a powerful in- 
fluence on the whole animal and vegetable world ; not mere- 
ly by meteorological processes, as precipitations^ of aqueous va- 
por, and of the acids and ammoniacal compounds to which it 
gives rise, but also directly as an electric force acting on the 
nerves, and promoting the circulation of the organic juices. 
This is not a place in which to renew the discussion that has 
been started regarding the actual source of atmospheric elec- 
tricity when the sky is clear, a phenomenon that has altern 
ately been ascribed to the evaporation of impure fluids im- 
pregnated with earths and salts,* to the growth of plants,t or 
to some other chemical decompositions on the surface of the 
earth, to the unequal distribution of heat in the strata of the 
air,} and, finally, according to Peltier's intelligent researches, § 
to the agency of a constant charge of negative electricity in 
the terrestrial globe. Limiting itself to results yielded by 
electrometric observations, such, for instance, as are furnished 
by the ingenious electro-magnetic apparatus first proposed by 
Colladon, the physical description of the universe should 
merely notice the incontestable increase of intensity in the 
general positive electricity of the atmosphere, || accompanying 
an increase of altitude and the absence of trees, its daily va- 
riations (which, according to Clark's experiments at Dublin, 

* Begardiug the conditionfl of electricity from evaporation at high 
temperatares, see Peltier, in the Armales de Chimie, t. Izxv., p. 330 

t Pouillet, in the Annaleg de Chimie, t. xzxv., p. 405. 

t De la Bive, in his admirable Essai Hitiorique $ur VEleetridU, p. 
140. 

$ Peltier, in the Comptes Rendu$ de VAcad, dee Sciencee, t, xii., p.« 
S07 ; Becquerel, Traiti de VEleetridU et da Magnitisme, t. iv., p. 107 

K Daprez, Sur VEleetrietU de VAir (Bruzelles, iai4), p. 56-61 
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take place at more complicated periods than those found by 
Saussure and myself), and its variations in the different 
seasons of the year, at difierent distances from the equator, 
and in the diHerent relations of continental or oceanic sur- 
face. 

The electric equilihrium is less frequently disturhed whose 
the aerial ocean rests on a liquid base than where it impends 
over the land ; and it is rery striking to observe how, in ex- 
tensive seas, small insular groups afiect the condition of the 
atmosphere, and occasion the formation of storms. In fogs, 
and in the commencement of falls of snow, I have seen, in a 
long series of observations, the previously permanent positive 
electricity rapidly pass into the negative' condition, both on 
the plains of the colder zones, and in the Paramos of the Coi^ 
dilleras, at elevations varying from 11,000 to 15,000 feet. 
The alternate transition was precisely similar to that indica- 
ted by the electrometer shortly before and during a storm.* 
When the vesicles of vapor have become condensed into clouds» 
having definite outlines, the electric tension of the external 
surface will be increased in proportion to the amount of elec- 
tricity which passes over to it from the separate vesicles of 
vapor.f Slate-gray clouds are charged, acccnrding to Peltier's 
experiments at Paris, with negative, and white, red, and or- 
ange-colored clouds with positive electricity. Thunder clouds 
not only envelop the highest summits of the chain of the An- 
des (I have myself seen the electric eflect of lightning on one 
of the rocky pinnacles which project upward of 15,000 feet 
above the crater of the volcano of Toluca), but they have also 
been observed at a vertical height of 26,650 leet over the low 

* Humboldt, Relation Hittorimie, t. iii., p. 318. I here only refer 
to those of my experiments in which the three-foot metallic condactor 
of Sanssure's electrometer was neither moved upward nor down^^i^rd, 
nor, according to Volta's proposal, armed with burning sponge. Those 
of my readers who are well acquainted with the quastionea veapata of 
atmospheric electricity will understand the grounds for this limitation. 
Respecting the formation of storms in the tropics, see my R€L HisLj t, 
ii., p. 45 and 202-^09. 

t Gay-LuBsac, in the Jbinaiei de Ckimie et de Phytiquey t. viii., p. 167. 
In consequence of the discordant views of Lam6, Becquerel, and Pel- 
tier, it is difficult to come to a conclusion regatding the cause of the 
specific distribution of electricity in clouds, some of which have a po8> 
itive, and others a negative tension. The negative electricity of the 
air, which near high watei^iaUs is caused by a disintogration of the 
drops of water — a fact origuially noticed by Tralles, and confirmed by 
«myself in various latitudes— is very remarkable, and is sufficiently in- 
tense to produce an appreciable eroct on a delicate electrometer at a 
distance of 300 or 400 feet. 
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lands in the temperate zone.* Sometimes, however, the 
stratum of cloud from which the thunder proceeds sinks to a 
distance of 5000, or, indeed, only 3000 feet above the plain. 

Aocording to Arago's investigations — the most oomprehen* 
sive that we possess on this difficult Inranch of meteorology — 
the evolution of light (lightning) is of three kinds — zigzag, 
and sharply defined at the edges ; in sheets of light, illumin- 
ating a whole doud, which seems to open and reveal the light 
within it ; and in thd'&rm of fire-haUs-t The duration of the 
two first kinds scarcely continues the thousandth part of a 
second ; but the globular lightning moves much more slowly 
remaining viable for several seconds. Occasionally (as is 

S roved by the rec^it observations, which have confirmea the 
escription given by Nicholson and Beccaria of this phenom- 
enon), isolated clouds, standing high above the horizon, con- 
tinue uninterruptedly for some time to emit a luminous ra- 
diance firom their interior and from their margins, although 
there is no thunder to be heard, and no indication of a storm ; 
in some cases even hail-stoned, drops of rain, and flakes of snow 
have been seen to fall in a luminous condition, when the phe- 
nomenon was not preceded by thunder. In the geographical 
distribution of storms, the Peruvian coast, which is not visited 
by thunder or lightning, presents the most striking contrast to 
the rest of the tropical zone, in which, at certain seasons of 
the year, thunder-storms occur almost daily, about finir of five 
hours after the sun has reached the meridian. According to 
the abundant evidence collected by Aragol from the testimony 
of navigators (Scoresby, Parry, Ross, and Franklin), there can 
be no doubt that, in general, electric explosions are extremely 
rare in high northern regions (between 70^ and 75° latitude). 
The meteorological portion of the descriptive history of nar 
ture ^which we are now concluding shows that the processes 
of the absorption of light, the liberation of heat, and the va- 
riations in the elastic and dectric tension, and in the hygro- 
metric condition of the vast aerial ocean, are all so intimate* 
ly connected tc^ther, that each individual meteorological 
process is modified by the action of all the others. The com- 

* Arago, in the AuMuaire du Bureau det LongUudet pour 1838, p. 246. 
t Arago, op. cit., p. 24d-Q66. (See, also, p. 268-279.) 
t Arago, op. cit, p. 388-391. The learned academici^ Von Bacr, 
who has done bo much for the meteorology of Northern Asia, has not 
taken into consideration the extreme rarity of storms in Iceland and 
Greenland ; he has only remarked (BuUeUn de VAcademie de 8t. Piter*' 
baurgt 1839, Mai) that in Nova Zembla and Spitzbergan it is sometimat 
heara to thunder. 
Vol. I.— P 
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7»Ucated nature of these disturbing causes (which involuntanljr 
remind us of those which the near and especially the smallest 
cosmical bodies, the satellites, comets, and shooting stars, are 
subjected to ia their course) increases the difficulty of giving a 
full explanaticm of these involved meteorological phenomena, 
and likewise limits, or wholly precludes, the possibility of that 
predetermination of atmospheric changes which would be so 
important for horticulture, agriculture, and navigation, no less 
than for the com&rt and enjoyment of lii^. Those who place 
the value of meteorology in this problematic species of predic- 
tion rather than in the knowledge of the phenomena them- 
selves, are firmly convinced that this branch of science, on ac- 
count of which so many expeditions to distant mountainous 
regions have been undertaken, has not made any very consid- 
erable progress for centuries past. The confidence which they 
refuse to the physicist they yield to changes of the moon, and 
to certain days marked in the calendar by the superstition of 
a by-gone age. 

** Great local (deviations from the distribution of the mean 
temperature are of rare occurrence, the variations being in 
general uniformly distributed over extensive tracts of land. 
The deviation, after attaining its maximum at a certain point, 
gradually decreases to its limits ; when these are passed, how- 
ever, decided deviations are observed in the opposite direction. 
Similar relations of weather extend more firequently from south 
to north than from west to east. At the close of the year 1 829 
(when I had just completed my Siberian journey), the maxi- 
mum of cold was at Berlin, while North America enjoyed an 
unusually high temperature. It is an entirely arbitrary as- 
sumption to believe that a hot summer sucoeetb a severe win- 
ter, and that a cool summer is preceded by a mild winter.'' 
Opposite relations of weather in contiguous countries, or in 
two corn-growing continents, give rise to a beneficent equali- 
zation in the prices of the products of the vine, and of agricul- 
tural and horticultural cultivation. It has been justly re- 
marked, that it is the barometer alone which indicates to us 
the changes that occur in the pressure of the air throughout 
all the aerial strata from the place of observation to the ex- 
tremest confines of the atmosphere, while* the thermometer 
and psyohrometer only acquaint us with all the variations oc- 
curring in the local heat and moisture of the lower strata of 

* Kamtz, in Schamacher'B Jahrbuch f&r 1838, s. 285. Regarding 
tbe opposite difltributioii of beat in the east and the west of Europe niid 
North America, see Dove, Repertorium der Physik^ bd. iii., k. 3U2-395. 
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air ia contact with the giound. The Bimultancous theraiio 
and hygrometric modifications of the upper regions of the air 
can only he learned (when direct observations on mountain ' 
stations or aerostatic ascents are impracticable) from hypo* 
thetical combinations, by making the barometer serve both s^ 
a thermometer and an hygrometer. Important changes of 
weather are not owing to merely local causes, situated at the 
place of observation, but are the consequence of a disturbance 
in the equilibrium of the aerial currents at a great distance* 
from the surface of the Earth, ii^the higher strata of the at- 
mosphere, bringing cold or warm, dry or moist air, rendering 
the sky cloudy or serene, and converting the accumulated 
masses of clouds into light feathery cirri. As, therefore, the 
inaccessibility of the phenomenon is added to the manifold 
nature and complication of the disturbances, it has always 
appeared to me that meteorology must first seek its founda- 
tion and progress in the torrid zone, where the variations of 
the atmospheric pressure, the course of hydro-meteors, and 
the phenomena of electric explosion, are all of periodic occur- 
rence. 

As we have now passed in review the whole sphere of in- 
organic terrestrial life, and have briefly considered our planet 
with reference to its form, its internal heat, its electro-mag- 
netic tension, its phenomena of polar light, the volcanic reac- 
tion of its interior on its variously composed solid crust, and, 
lastly, the phenomena of its two-fold envelopes — the aerial and 
liquid ocean — ^we might, in accordance with the older method 
of treating physical geography, consider that we had com- 
pleted our descriptive history of the globe. But the nobler 
aim I have proposed to myself, of raising the contemplation 
of nature to a more elevated point of view, would be defeated, 
and this delineation of nature would appear to lose its most 
attractive charm, if it did not also include the sphere of or- 
ganic life in the many stages of its typical development. The 
idea of vitality is so intimately associated with the idea of the 
existence of the active, ever-blending natural forces which an- 
imate the terrestrial sphere, that the creation of plants and 
animals is ascribed in the most ancient mythical representa- 
tions of many nations to these forces, while the condition of 
the surface of our planet, before it was animated by vital 
forms, is regarded as coeval with the epoch of a chaotic 
conflict of the struggling elements. But the empirical do- 
main of objective contemplation, and the delineation of our 
planet in its present condition, do not include a consideration 
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df the myBterioiu and infloluble problems of origin and exi§t- 
enoe. 

A cosmical history of the uniTerae, resting upon facts as its 
basis, has, from the nature and limitations of its sphere, neces- 
sarily no connection with the obscare domain embraced by a 
history of organisms,^ if we understand the word history in 
its broadest sense. It must, however, be rememb^ed, that 
the inorganic crust of the Earth ccmtains within it the same 
elements that enter into the structure of animal and vegeta- 
ble organs. A physical cosmography would therefore be in 

* The history offlanUj which Endlicher and linger have described 
in a most masterly manner {OrundzUge der Botanik^ 1843, s. 449-468), 
I myself separated from the geography cf plants half a century a^ 
In toe aphorisms appended to my Subterrameam Flora, the ibUowmg 
passage occurs : ** Geogaosia natoram animantem et inanimam vel, at 
vocabnlo minos apto, ex antiquitate saltern hand petito, utar, corpora 
organica aequo ac morganica considerat. Sunt emm tria qoibns absol 
vitor capita : Geographia oryctologica qnam simpliciter (Seognosiam vel 
Oeolo^m dicont, virque acatisBi£ns Wemems egregie digeattt; Geo- 
graphia soologica, ci^as doctrinae foodamenta Zimmermannns et Tre- 
▼iranus jeceront; et Gteographia plantarum qnam eanales nostri din in- 
tactam reliqueront. Geographia plantaram vincnla et cognationem 
tradit, qnibos omnia vegetabilia inter se connexa sint, terrsB tractas 
quos teneaat, in aerem atmosphericum qtiae sit eorum vis oatendit, saaca 
atqne rapes qnibos potissimum idgaram primordiis radicibasqae destni* 
antor docet, et quo pacto in telluris superficie hamns nascatnr, com- 
memorat. Est itaque quod differat inter Geognosiam et Physiographiam, 
historia naiwalis perperam nuncnpatam quum Zoognosia, Phytognosia, 
et Oryctognosia, qom qiudem omnes in nataras investigatione versantnr, 
non nisi singaloram animaliam, plantaram, reram metallicanim v^ 
(yenia sit verbo) fossilium formas, anatomen, vires scratantor. Historia 
Telluris, Geognosis maeis qnam Physiographis affinis, nemini adhno 
tentata, plantaram animatiamqne genera orbem inhabitantia primsvnm, 
migrationes eonim complarmmqae interitam, ortnm qoem montes^ 
vaUes, saxomm strata et venas metallifene ductmt, aerem, matatis tem- 
pomm vicibos, modo pnrum, modo vitiatnm, terras^ superficiem humo 
plantisque paolatim obtectam, fluminum inundantium impetu denno 
nadatam, itemmqne nccatam et gramine vestitam oommemdrat. Igi- 
tor Historia zoologica, Historia plantaram et Historia oryctologica, qon - 
non nisi pristinnm orbis terns statom indicant, a Geognosia probe dia- 
tinguendw." — Humboldt, Flora Friburgensis Svbterransa, eui aecedunt 
Aphorismi ex Physiologia Chemica Plantartm, 1793, p. ix.-x. Re8pec^ 
ing the '' spontaneoos motion,'' which is referred to in a 8id>seqaeDt 
part of the text, see the remarkable passage in Aristotle, J>e Colo, m^ 
2, p. 284, Bekker, where the distinction between animate and inanimate 
bodies is made to depend on the internal or external position of the 
' seat of the determining motion. " No movement,*' says the Stagirite, 
** proceeds from the vegetable spirit, because plants are bnried m a 
•till sleep, from which nothing can aronse them" (Aristotle, De CUneraL 
Animal.t v. i., p. 778, Bekker); and again, ''because plants have ao 
desires which incite them to spontaneous motion/' (Arist., De Sonmo 
et VigU,, cap. i., p. 455, Bekker.) 
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oon^kte if it were to omit a eonAderation of tbese forces, and 
of the substances which enter into solid and fluid combina* 
tions ia organic tissues, under conditions which, from our igno- 
rance of their actual nature, we designate by the vague term 
of vital forces, and group into various systems, in accordance 
with more or less perfectly conoeived analogies. The nat- 
ural tendency of the human mind involuntarily prompts us 
to follow the physical phenomena of the Earth, through all 
their varied series, until we reach the final stage of the mor- 
phological evolution of vegetable forms, and the self^determin- 
ing powers of motion in animal organisms. And it is by these 
links that the geography of organic beings^-^f plants and 
animals — ^is connected wiih the delineation of the inorganic 
phenomena of our terrestrial globe. 

Without entering on the difficult question of spontaneous 
motion, or, in other words, on the diflerence between vegeta^ 
ble and animal life, we would remark, that if nature had en- 
dowed us with microscopic powers of visicm, and the integu- 
ments of plants had been rendered perfectly transpar^&t to 
our eyes, the vegetable world would present a very diflerent 
aspect from the apparent inunobility and repose in which it 
is now manifested to our senses. The interior portion of the 
cellular structure of their organs is incessantly animated by 
the most varied currents, either rotating, ascending and de^ 
scending, ramifying, and ever changing their direction, as 
manifested in the motion of the granular mucus of marine 
plants (Naiades, CharaoeeB, Hydrodbarid»), and in the hairs of 
phanerogamic land plants ; in the molecular motion first dis- 
covered by the illustrious botanist Hobert Brown, and which 
may be traced in the ultimate portions of every molecule of 
matter, even when separated firom the organ ; in the gyratorv 
currmits of the globules of cambium (cydosis) circulating in 
their peculiar vessels ; and, finally, in the singularly articula- 
ted self-unrolling filamentous vessels in the antheridia of the 
chara, and in the reproductive organs of liverworts and algae, 
in the structural conditions of which Meyen, unhappily too 
early lost to science, believed that he recognized an analogy 
with the spermatozoa of the animal kingdom.* If to these 

* ['< In certain parU, probably, of all plants, are foand peculiar spiral 
filaments, having a strildng resemblance to the spermatozoa of animals. 
They have been long known in the organs called the antheridia of 
mosaes, Hepaticee, and Oharaceie, and have more recently been dis- 
covered in pecnliar cells on the germinal frond of ferns, and on the 
very yowns leaves of the buds ofPhanerogamia. They wre foond in 
peculiar cells, and when these are placed in water they are ttrnx by the 
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manifold cnnents and gyratory movem^ts vre add tbe pbe- 
nomena of endosmosis, nutrition, and growth, we shall hare 
some idea of those forces which are ever active amid the ap- 
parent repose of vegetable life. 

Since I attempted in a former work, Ansichten der NatTur 
(Views of Nature), to delineate the universal diffusion of life 
over the whole surface of the Earth, in the distribution of 
organic forms, both with respect to elevation and depth, our 
knowledge pf this branch of science has been most remarkably" 
increased by Ehrenbeig's brilliant discovery " on microscopic 
life in tbe ocean, and in the ice of the polar regions" — a dis- 
covery based, not on deductive conclusions, but on direct ob- 
servation. The sphere of vitality, we might almost say, the 
horizon of hfe, has been expanded before our eyes. " Not 
only in the polar regions is there an uninterrupted develop- 
ment of active microscopic life, where larger animals can no 
longer exist, but we find that the microscopic animals collect- 
ed in the Antarctic expedition of Captain James Ross exhibit 
a remarkable abundance of unknown and often most beautifid 
forms. Even in the residuum obtained from the melted ice, 
swimming about in round fragments in the latitude of 70° 10', 
there were found upward of fifty species of silicious-shelled 
Folygastria and Coscinodisc» with their green ovaries, and 
therefore living and able to resist the extreme severity of the 
cold. In the Gulf of Erebus, sixty-eight silicious-shelled Foly- 
gastria and Phytolitharia, and only one calcareous-shelled Poly- 
thalamia, were brought up by lead sunk to a depth of from 
1242 to 1620 feet." 

The greater number of the oceanic microscopic forms hith- 
f^rto discovered have been silicious-shelled, although the anal- 
ysis of sea water does not yield silica as the main constituent, 
and it can only be imagined to exist in it in a state of suspen- 
sion. It is not only at particular points in inland seas, or in 
the vicinity of the land, that the ocean is densely inhabited 
by living atoms, invisible to the naked eye, but samples of 

filament, which commences an active Bpiral motion. The signification 
of these organs is at present quite unknown ; tbey appear, from the 
researches of Nageli, to resemble the cell mucilage, or proto-plasma, 
in composition, and are developed from it.* Schleiden regards uiem as 
mere macilaginous deposits, similar to those connected with tbe circu- 
lation in cells, and he contends that the movement of these bodies in 
water is analogous to the molecular motion of small particles of organic 
and inorganic substances, and depends on mechanical causes." — Otitlmet 
of Structural and Phynologieal Botany, by A. Henfirey, F.L.S., dec., 
1846, p. 23..1— Tr 
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water taken up by Schayer on his return from Van Diemen's 
Land (south of the Cape of Grood Hope, in 57° latitude, and 
under the tropics in the Atlantic) show that the ocean in its 
ordinary conation, without any apparent discoloration, con- 
tains numerous microscopic moving organisms, which bear no 
resemblance to the swimming fragmentary silicious filaments 
of the genus ChsBtoceros, similar to the OscillatprisB so common 
in our fresh waters. Some few Polygastria, which have been 
found mixed with sand and excrements of penguins in Cock- 
burn Island, appear to be spread over the whole earth, while 
others seem to be peculiar to the polar regions.* 

We thus find from the most recent observations that ani- 
mal hfe predominates amid the eternal night of the depths of 
ocean, while vegetable life, which is so dependent on the pe- 
riodic action of the solar rays, is most prevalent on continents. 
The mass of vegetation on the Earth very far exceeds that 
of animal organisms ; for what is the volume of all the large 
living Cetacea and Pachydermata when compared with the 
thickly-crowded colossal trunks of trees, of from eight to twelve 
feet in diameter, which fill the vast forests covering the trop- 
ical region of South America, between the Orinoco, the Ama- 
zon, and the Rio da Madeira ? And although the character 
of difierent portions of the earth depends on the combination 
of external phenomena, as the outlines of mountains — the 
physiognomy of plants and animals — ^the azure of the sky — 
the forms of the clouds — and the transparency of the atmos- 
phere — ^it must still be admitted that the vegetable mantle 
with which the earth is decked constitutes the main feature 
of the picture. Animal forms are inferior in mass, and their 
powers of motion often withdraw them from our sight. The 

* See Ehrenberg's treatise Ueber das kla/Mte Leben im Oceartt read 
before the Academy of Science at Berlin on the 9th of May, 1844. 

[Dr. J. Hooker found Diatomacete in countless numbers between the 
parallels of 60^ and 80^ south, where they gave a color to the sea, and 
also to the icebergs floating in it. The death of these bodies in the 
South Arctic Ocean is producing a submarine deposit, consisting en- 
tirely of the silicious particles ol which the akeletons of these vegeta- 
bles are composed. This deposit exists on the shores of Victoria Lund 
and at the base of the volcanic mountain Erebus. Dr. Hooker account- 
ed for the fact that the skeletons of Diatomaces had been found in the 
lava of volcanic mouutaioB, by referring to these deposits at Mount 
Erebus, which lie in such a position as to render it quite possible that 
the skeletons of these vegetables should pass into the lower fissures of 
the mountain, and then passing into the stream of lava, be thrown out, 
auacted upon by the boat to which they have been exposed. See Dr. 
Hooker's Paper, read before the British Association at Oxford, .Tuly, 
1847.1— T'r. 
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vegetable kingdom, on the cohtraty, aets upon our imagination 
by its continued presence and by the magnitude of its forms ; 
for the size of a tree indicates its age, and here alone age is 
associated with the expression of a constantly renewed vigor.* 
In the animal kingdom (and this knowledge is also the result 
of £hrenberg*s discoveries), the forms which we term micro- 
scopic occupy the largest space, in consequence of their rapid 
propagation.! The minutest of the Infusoria, the Monadidss, 
have a diameter which does not exceed 3 T^^^th of a line, and 
yet these silicious-shelled organisms form in humid districts 
subterranean strata of many fathoms in depth. 

The strong and beneficial influence exercised on the feelings 
of mankind by the consideration of the difiusion of life through- 
out the realms of nature is common to every z(nie,but the im- 
pression thus produced is most powerful in the equatorial re* 
gions, in the land of palms, bamboos, and arborescent ferns, 
where the ground rises from the shore c^ seas rich in moUusca 
and corals to the limits of perpetual snow. The local distri- 
bution of plants embraces almost all heights and all depths. 
Organic forms not only descend into the interiw of the earth, 
where the industry of the miner has laid open extensive ex- 
cavations and sprung deep shafts, but I have also found snow- 
white stalactitic columns encircled by the delicate web of an 
Usnea, in caves where meteoric water could alone penetrate 
through fissures. PodurellsB penetrate into the icy crevices of 
the glaciers on Mount Rosa, the Grindelwald, and the Upper 
Aar ; the ChionsBa araneoides described by Dalman, and the 
microscopic Discerea nivalis (formerly known as Protocoo- 
cus), exist in the polar snow as well as in that of our high 
mountains. The redness assumed by the uiow after lying on 
the ground for some time was known to Aristotle, and was 
probably observed by him on the mountains c^ Macedonia.! 

* Hamboldt, Annehten der Naittr (3te Ausgabe, 1826), bd. ii., s. 21. 

t On multiplication by spontaneous division of the mother^orpuscle 
and intercalation of new substance, see Ehrenberg, Van denjetzt leben- 
den Thierarten der Kreidebildungt in the Abhandl. der Berliner Akad. 
der Wis9.f 1839, s. 94. The most powerful productive faculty in na- 
ture is that manifested in the Vorticellse. . Estimations of the greatest 
possible development of masses will be found in Ehrenberg^s great 
work, Die Infunonsthierchen eUs voUkommne Organismenf 1838, s. ziii., 
xix., and 244. '* The Milker Way of these organisms comprises the 
genera Monas, Vibrio, Bacterium, and Bodo." The universality of life 
IS BO profusely distributed throughout the whole of nature, that the small* 
er Infusoria Uve as parasites on the larger, and are themselves isthabit- 
ed by others, s. 194, 211, and 512. 

t Aristot.. Hist. Animal. ^ v. xix.»p. 552, Bekk. 
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While, on the loftiest somimts of the Alps, only Leciden, 
ParmeliiB, and UmbilicarisB cast thdr colored but scanty 
eovering over the rocks, exposed by the melted snow, beauti- 
ful phuierogamic plants, as the Culcitium rufescens, Sida 
pinchinchensis, and Saxifraga Boossingaulti, are still found 
to flourish in the tropical region of the chain of the Andes, at 
an elevation of more than 15^000 feet. Thermal springs eon- 
tain small insects (Hydioporus thermalis), GallionellsB, Osciila- 
toiia, and Conferva, "while their waters bathe the root-fibers of 
phanerogamic plants. As air and water are animated at dif- 
ferent temperatures by the presence of yital organisms, so like* 
wise is the interior of the di&rent portions of animal bodies. 
Animalcules have been found in the blood of the frog and the 
salmon ; according to Nordmann, the fluids in the eyes of flshes 
are often filled with a worm that lives by suction (Diplosto- 
mum), while in the gills Of the bleak the same observer has 
discovered a remarkable douUe animalcule (Diplozoon para* 
doxum), having a cross-shaped form with two heads and two 
caudal extremities. 

Although the existence of meteoric Infusoria is more than 
doubtful, it can not be denied that, in the same manner as the 
pollen of the flowers of the pine is observed every year to fall 
from the atmosphere, minute infusorial animalcules may like- 
wise be retained for a time in the strata of the air, after hav- 
ing been passively borne up by cuR«nts of aqueous vapor.* 
This circumstance merits serious attention in reconsidering 
the old discussion respecting spoTttaneous generation,^ and the 

* Ehrenberg, op. cit., s. xiv., p. 122 and 493. This rapid multiplica- 
tion of microscopic organisnu is, in the caae of some (as, for instance, 
in wheat-eels,- wheel-animals, and water-bears or tardigrade animal- 
onles), accompanied by a remarkable tenacity of life. They have been 
seen to come to life from a state of apparmrt death after beinff dried 
for twenty-eight days in a Tacnnm with chloride of lime and suiphuric 
acid, and after being exposed to a heat of 248^. Bee the beantual ex- 
periments of Doy^re, in Mim, tur Us Tardiffradea et tur ieur propriM 
de revenir i la vie, 1842, p. 119, 129, 131, 133. Compare, also, Ehren 
berg, s. 492-496, on the revival of animalcules that had been dAed 
durmg a space of many years. 

t Cm the supposed ''primitive transformation" of organized or unor 

Sanized matter into plants and animals, see Ehrenberg, in Poggen- 
orf's AnndUn der Phyni, bd. xxiv., s. 1-48, and also his Infusions- 
tkiereken, s. 121, 525, and Joh. MQller, Pkysiologie det Menschen (4te 
Anfl., 1844\ bd. i., s. 8-17. It appears to me wortliy of notice that one 
of the early fathers of the Church, St. Augustine, in treating of the 
question how islands may have been covered with new animals and 
plants afier tiie flood, shows himself in no wa^ disinclined to adopt Uie 
view of the so-called ** spontaneous generation" {generatio aquinoea^ 

P2 
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more so, as Ehrenberg, as I have already remarked, has diB- 
covered that the nebulous dust or sand which mariners often 
encounter in the vicinity of the Cape Verd Islands, and even 
at a distance of 380 geographical miles from the African shore, 
contains the remains of eighteen species of silicious-shelled pol- 
ygastric animalcules. 

Vital organisms, whose relations in space are compruued un- 
der the head of the geography of plants and animals, may be 
considered either accordmg to thedifierence and relative num- 
bers of the types (their arrangement into genera and species), 
or according to the number of individuals of each species on a 
given area. In the mode of life of plants as in that of ani- 
mals, an important difference is noticed ; they^ either exist in 
an isolated state, or live in a social condition. Those species 
of plants which I have termed social^ imifbrmly cover vast 
extents of land. Among these we may reckon many of the 
marine Algae — ^CladonisB and mosses, which extend over the 
desert steppes of I^rthem Asia — grasses, and cacti growing 

spotUanea aut primariaX "Jf" says he, "animals have not been 
brought to remote islands by angels, or perhaps by inhabitants of con 
tinents addicted to the chase, they mast have been spontaneously pro- 
duced upon the eart^ ; although here the question certainly arises, to 
what purpose, then, were animals of all kinds assembled in the ark?" 
" Si e terra exortae sunt (bestise) secundum originem primam, quando 
dixit Deus: Produeal tert'a animam vivami multo clanus apparet, non 
tarn reparandorum animalium causa, quam figurandamm Tariarum gen- 
tium (7) {propter ecclesiie sacramentum in area fuisse onmia genera, si in 
insulis quo transire non possent, multa animalia terra produxit." Augu»- 
tinus, De Civttate Dd^ lib. xvi., cap. 7 ; Operay ed, Monach. Ordinit 8. 
Benedicti, t. vii., Venet., 1732, p. 422. Two centuries before the time of 
the Bishop of Hippo, we find, by extracts from Trogus Pompeins, that 
the generoHo primaria was brought forward in connection with the 
earliest drying up of the ancient world, and of the high table-land oi 
Asia, precisely in the same manner as the terraces of Paradise, in the 
.theory of the great Linnffins, and in the visionaiy hypotheses entertain- 
ed in the eighteenth century regarding the fiibled Atlantis: "Quod si 
omnes quondam teme submerste prorando fuerunt, profecto editissi- 
mam quamque partem decurrentibus aquis primum detectam ; humil- 
limo autem solo eandem aqflam diutissime immoratam, et quanto prior 
qusque pars terrarum siccata Bit,*tanto prius animalia generare ccepisse. 
Forro Scythiam adeo editiorem onmibus terns esse ut cuncta flumina 
ibi nata in Meeotium, tum deinde in Ponticum et JEgyptium mare de- 
currant"— Justinus, lib. ii., cap. 1. The erroneous supposition that the 
laud of Scythia is an elevatea table-land, is so ancient that we meet 
with it most clearly expressed in Hippocrates, De ^re et Aquitt cap. 
6, $ 96, Cnray. " Scythia/' says he, *' consists of high and naked 
plains, which, without being crowned with mountains, ascend higher 
and higher toward the north." 

• Humboldt, Aphorismi ex Phytiologia Ckemica Plamtarum, in the 
Flora FribergentM Snbterranea^ 1793, p. 178. 
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together like tKe pipes of an organ — AvicennisB and mangroves 
in the tropics — and forests of Coniferse and of birches in the 
plains of the Baltic and in Siberia. This mode of geographical 
distribution determines, together with the individual fonn of 
the vegetable world, the size and type of leaves and flowers, 
in fact, the principal physiognomy of the district ;* its charac- 
ter being but little, if at all, influenced by the ever-moving 
forms of animal hfe, which, by their beauty and diversity, so 
powerfully afiect the feelings of man, whether by exciting the 
sensations of admiration of horror. Agricultural nations in- 
crease- artificially the predominance of social plants, and thus 
augment, in many parts of the temperate and northern zones, 
the natural aspect of uniformity ; and while their labors tend 
to the extirpation of some wild plants, they likewise lead to 
the cultivation of others, which follow the colonist in his most 
distant migration. The luxuriant zone of the tropics offers 
the strongest resistance to these changes in the natural distri- 
bution of vegetable ibrms. 

Observers who in short periods of time have passed over 
vast tracts of land, and ascended lofty mountains, in which 
climates were ranged, as it were, in strata one above another, 
must have been early impressed by the regularity with which 
vegetable forms are distributed. The results yielded by their 
observations furnished the rough materials for a science, to 
which no name had as yet been given. The same z6nes or 
regions of vegetation which, in the sixteenth century, Cardinal 
Bembo, when a youth,t described on the declivity of iEtna, 
were observed on Mount Ararat by Toumefort. He ingen- 
iously compared the Alpine flora with the flora of plains situ- 
ated in diflerent latitudes, and was the first to observe the in- 
fluence exercised in mountainous regions, on the distribution 
of plants by the elevation of the ground above the level of 
the sea, and by the distance from the poles in flat countries. 
Menzel, in an inedited work on the flora of Japan, accidental- 
ly made use of the term geography of plants ; and the same 
expression occurs in the fanciful but graceful work of Ber- 
nardin de St. Pierre, JSttides de la Nature. A scientific treat- 
ment of the subject began, however, only when the geography 
of plants was intimately associated with the study of the dis- 

* On the physiognomy of plants^ see Humboldt, Afuichten der Natur, 
bd. ii., 8. 1-125. 

t 2Stna Dicdogvs, OpuKula, Basil., 1556, p. 53, 54. A very beaati- 
ful geography of the plants of Mount JEtna has recently been published 
byFhilippi. See L«nn<sa, 1832. s. 733. 
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tribution of heat over the surface of the earth, and whea the 
arrangement of vegetable forms in natural families admitted 
of a numerical estimate being made of the difier^it forma 
which increase or decrease as we recede £rom the equator to- 
ward the poles, and of the relations in which, in di&reat parts 
of the earth, each family stood with reference to the whole 
mass of phanerogamic indigenous plants of the same region. 
I consider it a happy circumstance that, at the time during 
which I devoted my attention almost exclusively to botanical 
pursuits, I was led by the aspect of the grand and strongly 
characterized features of tropical scenery to direct my investi- 
gations toward these subjects. 

The study of the geographical distribution of animals, re- 
garding which Bufibn first advanced general, and, in most 
instances, very correct views, has been considerably aided in 
its advance by the progress made in modern times in the 
geography of plants. The curves of the isothermal lines, and 
more especially those of the isochimenal lines, correspcmd with 
the limits which are seldom passed by certain species of plants, 
and of animals which do not wander far from their fixed hab- 
itation, either with respect to elevation or latitude.* The 

* [The following valaable remarks by Professor Forbes, on tbe cor- 
respondence existing between the distribation of existing faonas and 
floras of the British Islands, and the geological changes that have affect- 
ed their ftrea, will be read with much interest ; they have been copied, 
by the author's permission, from the Survey Report t p- 16 : 

" If the view I haVe put forward respecting the origin of the flora of 
tbe British mountains be true — and every geological and botanical prob- 
ability, so far as the area is concerned, &vors it-*then most we endeav- 
or to find some more plausible cause than any yet shown for the pres- 
ence of numerous species of plants, and of some animals, on the higher 
parts of Alpine ranges in Europe I9ind Asia, specifically identical with 
animals and plants indigenous in regions very far norUi, and not found 
in the intermediate lowlands. Tournefort first remarked, and Hum- 
boldt, the great organizer of the science of natural history geography, 
demonstrated, that zones of elevation on mountains correspond to par 
allels of latitude, the higher with the more northern or southern, as the 
case might be. It is well knoWn that this correspondence is recogniz- 
ed in the general /oeief of the flora and fauna, dependent on generic 
correspondences, specific representatives, and, in some cases, specific 
. identities. But when announcing and illustrating the law that climatal 
zones of animal and vegetable life are mutually repeated or represented 
by elevation and latitude, naturalists have not hitherto sufficiently' (if 
at all) distinguished between the evidence of that law, as exhibited by 
represeidatUfe §pecies and bv identical. In reality, the former essen- 
tially depend on the law, tne latter being an accident not necessarily 
dependent upon it, and which has hitherto not been accounted for. lu 
the case of the Alpine flora of Britain, the evidence of the activity of 
the law, and the influence of the accident, are ii^sepan^ble, the li^w l>» 
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elk, for insta&ce, lives^in the SeandmaTian peninsula, almost 
ten degrees further north than in the interior of Siberia, where 
the line of equal winter temperature is so remarkably concave. 
Plants migrate in the germ ; and, in the case of many species, 
the seeds are furnished with organs adapting them to be con- 
veyed to a distance through the air. When once they have 
taken root, they become dependent on the soil and on the 
strata of air surrounding them. Animals, on the contrary, can 
at pleasure migrate from the equator toward the poles ; and 
this they can more especially do where the isothermal lines 
are much inflected, and where hot summers succeed a great 
degree of winter cold. The royal tiger, which in no respect 
di&rs from the Bengal species, penetrates ev^ summer into 

ing maintained by a transportecl flora, for the transmission of which I 
have shown we can not accoant by an appeal to nnqaestionable ceo* 
logical events. In the case of the Alps and Carpathians, and some oUier 
mountain ranges, we find the law maintained partly by a representa- 
tive flora, special in its region, i. e., by specific centers of their own, 
and partly by an assemblage more or less limited in the several ranges 
of identical species, these latter in several cases so numerous that or- 
dinary modes of transportation now in action can no more accoant for 
their presence than they can for the presence of a Norwegian flora on 
the British mountains. Now I am prepared to maintain that the same 
means which introduced a sub-Arctic (now mountain) flora into Britain, 
acting at the same epoch, originated the identity, as far ad it goes, c^ 
the Alpine floiTis of Middle Europe and Central Asia ; for, now that we 
know the vast area swept by the glacial sea, including almost the whole 
of Central and Northern Europe, and belted by land, since greatly up- 
lifted, which then presented to the water's edge those climatal condi- 
tion8*for which a sub-Arctic flora — destined to become Alpine — was 
specially organized, the d^Sculty of deriving such a flora from its par- 
ent north, and of difiUsing it over the snow;^ hills bounding this glacial 
ocean, vanishes, and the presence of identical species at such distant 
points remain no longer a mystery. Moreover, when we consider that 
the greater part of the northern hemisphere was under such climatal 
conditions during the epoch referred to, the undoubted evidences of 
which have been made known in Europe by numerous British and 
Continental observers, on the bounds of Asia by Bir Roderick Murchi- 
son, in America by Mr. Lyell, Mr. Lo^an, Captain Bayfield, and oth- 
ers, and that the botanical (and zoological as well) region, essentially- 
northern and Alpine, designated by Professor Schouw that ' of saxi- 
frages and mosses,' and first in his classification, exists now only' on 
the flanks of the great area which snflered such conditions; and that, 
though similar conditions reappear, the relationship of Alpine and Arctic 
vegetation in the southern hemisphere, with that in the northern, is 
entirely maintained by repreaentatiTfey and not by identical species (the 
representative, too, bein? in ^reat jpart generic, and not specific), the 
general truth of my explanation of Alpme floras, including identical 
species, becomes so strong, that the view proposed acquires fair claims 
to be ranked as a theory, and not considered merely a convenient as 
bold hypothesis,";]— Tr. 
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the north of Aeda as far as the latitude^ of Berlin and Etam- 
barg, a fact of which Ehrenberg and myself have spoken in 
other works.* 

The grouping or association of different vegetable species, 
to which we are accustomed to apply the term Floras, do not 
appear to me, from what I have observed in difierent portions 
of the earth's surface, to manifest such a predominance of in- 
dividual families as to justify us in marking the geographical 
distinctions between the regions of the UmbellatSB, of the So- 
lidaginsB, of the LabiatsB, or the Scitaminese. With reference 
to this subject, my views difier from those of several of my 
friends, who rank among the most distinguished of the bota- 
nists of Germany. The character of the floras of the elevated 
plateaux of Mexico, New Granada, and Quito, of European 
Russia, and of Northern Asia, consists, in my opinion, not so 
much in the relatively larger number of the species presented 
by one or two natural families, as in the more complicated - 
relations of the coexistence of many families, and in the rela- 
tive numerical value of their species. . The Graminese and 
the Cyperaceffi undoubtedly predominate in meadow lands 
and steppes, as do Coniferae, Cupulifers, and BetuUnesB in our 
northern woods ; but this predominance of certain forms is 
only apparent, and owing to the aspect imparted by the social 
plants. The north of Europe, and that portion of Siberia 
which is situated to the north of the Altai Mountains, have 
no greater right to the appellation of a region of Gramineae 
and Conifers than have the boundless llanos between* the 
Orinoco and the mountain chain of Caraccas, or the pine for- 
ests of Mexico. It is the coexistence of forms which may par- 
tially replace each other, and their relative numbers and as- 
sociation, which give rise either to the general impression of 
luxuriance and diversity, or of poverty and uniformity in the 
contemplation of the vegetable world. 

In this fragmentary sketch of the phenomena of organiza- 
tion, I have ascended from the simplest cellf — the first mani- 
festation of life — ^progressively to higher structures. " The 

* Ebrenberg, in the Annates des Sciences Naturellea, t. xxi., p. 387 
412; Humboldt, Asie Centrale, 1. 1, p. 339-342, and t. iii., p. 96-101 

t Schleidea, Ueber die Entwicklungmoeise der PfiatizenzeUen, iu MQl 
ler*8 Arckiv f&r Anatomic und Physiologic, 1838, s. 137-176; also hia 
Orundzuge der wissensiOiaftlichen Botanik, th. i., s. 191, and tb. ii., s 
11. Schwann, Mikroscopiscke Unfersuchungcn nber die Ucbcreinstim^ 
mung in der Struktur und dem Wachsthum der Thiere vnd Pfianzen* 
1839, 8. 45, 220. Compare also, on similar propagation, Joh. Miiller 
Physiologie des Menschcn, 1840 th. ii., s. 614. 
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association of mucous granules constitutes a definitely-formed 
c}rtoblast, around which a vesicular membrane forms a closed 
cell," this cell being either produced from another pre-existing 
cell,* or beiijg due to a cellular formation, which, as in the 
case of the fermentation-fungus, is concealed in the obscurity 
of some unknown chemical process.! But in a work like the 
present we can venture on no more than an allusion to the 
mysteries that involve the question of modes of origin ; the 
geography of animal and vegetable organisms must limit itself 
to the consideration of germs already developed, of their hab- 
itation and transplantation, either by voluntary or involuntary 
migrations, their numerical relation, and their distribution 
over the surface of the earth. 

The general picture of nature which I have endeavored to 
delineate would be incomplete if I did not venture to trace a 
few of the most marked features of the human race, considered 
with reference to physical gradations — ^to the geographical 
distribution of cotemporaneous types — ^to the influence exer- 
cised upon man by the forces of nature, and the reciprocal, 
although weaker action which he in his turn exercises on 
these natural forces. Dependent, although in a lesser degree 
than plants and animals, on the soil, and on the meteorolog- 
ical processes of the atmosphere with which he is surrounded 
^-escaping more readily from the control of natural forces, by • 
activity of mind and the advance of intellectual cultivation, 
no less than by his wonderful capacity of adapting himself to 
all chmates — man every where becomes most essentially asso- 
ciated with terrestrial Ufe. It is by these relations that the 
obscure and much-contested problem of the possibility of one 
common descent enters into the sphere embraced by a general 
physical cosmography. The investigation of this problem will 
impart a nobler, and, if I may so express myself, more purely 
human interest to the closing pages of this section of my work. 
. The vast domain of language, in whose varied structure we 
see mysteriously reflected the destinies of nations, is most inti- 
mately associated with the afl^ity of races ; and what even 
slight diflerences of races may eflect is strikingly manifested 
in the history of the Hellenic nations in the zenith of their 
intellectual cultivation. The most important questions of the 
civilization of mankind are connected with the ideas of races, 

* . Schleiden, OrundzUge der toissenechaftlicken Botanikf 1842, th. i., 
s. 192-197. 

t [On ceilalar formatioQ, see HenfreyV OuUines of Structural and 
Physiological Botany , op. cit., p. 16-22.] — Tr. 
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eomxnuiiity of language, and adherence to one original direo> 
tion of the intellectual and moral faculties. 

As long as attention was directed solely to the extremes in 
varieties of color and of form, and to the vividness of the first 
impression of the senses, the observer was naturally disposed 
to regard races rather as originally di^rent species than as 
mere varieties. The permanence of certain types* in the midst 
of the most hostile influences, especially of cUmate, appeared 
to favor such a view, notwithstanding the shortness of the in- 
terval of time from which the historical evidence was derived. 
In my opinion, however, more powerful reasons can be ad* 
vanced in support of the theory of the unity of the human 
race, as, for instance, in the many intermediate gradationsi 
in the color of the skin and in the form of the skull, which 
have been made known to us in recent times by the rapid prog- 
ress of geographical knowledge — ^the analogies presented by 
the varieties in the species of many wild and domesticated ani- 
mals — ^and the more correct observations collected regarding 
the limits of fecundity in hybrids.t The greater number of 
the contrasts which were ^irmerly supposed to exist, have dis- 
appeared before the laborious researches of Tiedemann on the 
brain of negroes and of Europeans, and the anatomical inves- 

* Tacitas, in his speculations on the inhabitants of Britain {Agricola^ 
cap. li.), distingaisheB with much jndgment between that which may 
be owing to the local climatic relations, and that which, in the immi- 
^ting races, may be owing to the unchangeable infloence of a hered- 
itarj and transmitted type. *' Britanuiam qui mortales initio colueront, 
indigence an^ advecti, at inter barbaros, panim compertum. Habitus 
corporis varii, atqne ex eo argnmenta ; namque rutile Caledoniam faab- 
itantimn corns, magni artos Germanicam originem adsererant. Silu 
rum colorati vultuA et torti plerumque crines, etposita contra Hispania, 
Iberos veteres traiecisse, easque cedes occupasse iidem faciunt : proxi- 
mi Gallis, et similes sunt : sea durante originis vi ; sea procurrentibus 
in diversa terris, positio coeli corporibas habitam dedit." Be^ardins 
the persistency of types of conformation in the hot and cold regions of 
the earth, and in the moantainoos districts of the N»w Continent, see 
my Relation HUtoriquet t. i., p. 498, 503, and t. ii., p. 572, 574. 

t On the American races generally, see the magnificent work of 
Samuel George Morton, entitled Crania Americana^ 1839, jp. 62, 86 ; 
and on the skulls brought by Pentland from the highlands of Titicaca* 
see the Vvblin Journal of Medical and Chemical Science^ voj. v., 1834r 
p. 475 ; also Alcide d'Orbigny, Vhomme Am^ricain consid4r4 sous sen 
rapports Physiol, et Mor., 1839, p.221 ; and the work by Prince Maxi- 
milian of Wied, which is Well worthy of notice for the admirable ethno 
graphical remarks in which it abounds, entitled Reise in das Innere von 
Nordamerika ( 1 839). 

t Rudolph Wagner, Ueber Blendlin^e und Bastarderzeugnng^ in hift 
notes to the German translation of Pnchard's Physical History of Maa» 
kind, vol. i., p, 138*150. 
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tigations of Vrolik and We>ber on the form of the pelvis. On 
eompaiing the darkKSolored Afiican nations, on whose physical 
history the admirable work of Prichard has thrown so much 
light, with the races inhabiting the islands of the South-In- 
dian and West-Australian archipelago, and with the Fapuas 
and Alfourous (Harofofas, Endamenes), we see that a black 
skin, woolly hair, and a n^;io-like cast of countenance are not 
necessarily connected together.* So long as only a small por- 
tion of the earth was known to the Western nations, partial 
views necessarily predominated, and tropical heat and a black 
skin consequently appeared inseparable. " The Ethiopians," 
said the ancient tragic poet Th^odectes of Fhaselis,t '' are 
colored by the near sun-god in his course with a sooty luster, 
and their hair is dried and crisped with the heat of his rays.'' 
The campaigns of Alexander, which gave rise to so many new 
ideas regarding physical geography, likewise first excited a dis- 
cussion on the problematical influence of climate on races. 
" Families of animals and plants," writes one of the greatest 
anatomists of the day, Johannes Miiller, in his noble and com- 
prehensive work, JPhysiologie des Menschen, *' undergo, within 
certain limitations peculiar to the difierent races and species, 
various modifications in their distribution over the surface of 
the earth, propagating these variations as organic types of spe^ 
cies.$ The present races of animals have been produced by 

* Prichard, op. cit., vol. ii,, p. 324. 

t OnesicritaB, in Strabo, xv., p. 690, 695, Caaaub. Welcker, OriC' 
ehische Tragddia^f abth. iii., s. 1078, conjectures that the yerses of 
Theodectes, cited by Strabo, are taken from a lost tragedy, which prob- 
ably bore the title of ^* Memnon.'' 

X [In iUnstration of this, the conclusions of Professor Edward Forbes 
respecting the origin and diffusion of the British flora may be cited. 
See the Survejf Memoir already quoted, On the CouTieeiton between the 
IHetribuHon of the existing Fauna and Flora of the British Islands, &c., 
p. 65. ** 1. The flora and fiAuna, terrestrial and marine, of the British 
islands and seas, have originated, so far as that area is concerned, since 
the meiocene epoch. 2. The assemblages of animals and plants com- 
posing that fauna and flora did not appear in the area they now inhabit 
simultaneously, but at several distinct points in time. 3. Both the fauna 
and flora of the British islands and seas are composed partly of species 
which, either permanently or for a time, appeared in that area before 
the glacial epoch ; partly of such as inhabited it during that epoch ; and 
in great part of those which did not appear there until nilterwaid, and 
whose appearance on the earth was coeval with the elevation of the 
bed of the glacial sea and the consequent climatal chimges. 4. The 
sreater part of the terrestrial animals and flowering plants now inhab- 
iting the British islands are members of specific centers beyond their 
area, and have migrated to it over continuous land before, during, or 
after the glacial epoch. 5. The climatal conditions of the area under 
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the combined action of many difierent internal ab well as ex- 
ternal conditions, the nature of which can not in all cases be 
defined, the most striking varieties being found in those fami- 
lies which are capable of the greatest distribution over the sur- 
face of the earth. The difierent races of mankind are forms 
of one sole species, by the union of two of whose members 
descendants aie propagated. They are not difierent species 
of a genus, since in that case their hybrid descendants would 
remain unfruitful. But whether the human races hare de- 
scended from several primitive races of men, or from one alone, 
is a question that can not be determined from experience."* 

Geographical investigations regarding the ancient seat, the 
so-called cradle of the human race, are not devoid of a myth? 

disciuaion, and north, east, and west of it, were severer daring the ^la 
cial epoch, when a great part of the space now occupied by the Pntish 
isles was under water, than the^ are now or were before ; but there is 
good reason to believe that, so &r from those conditions hiaving oontin- 
aed severe, or having gradnally diminished in severity soathward of 
Britain, the cold region of the glacial epoch came iLirectly into contact 
with a region of more southern and thermal character than that in which 
the most southern beds of glacial drift are now to be met with. 6. This 
state of things did not materially differ from that now existing, nnder 
corresponding latitudes, in the North American, Atlantic, and Arctio 
seas, and on their bounding shores. 7. The Alpine Boras of Europe 
and Asia, so far as they are identical with the flora of the Arctic and 
sub- Arctic zones of the Old World, are fragments of a flora which was 
diffused from the north, either by means of transport not now in action 
^n the temperate coasts of Europe, or over continuous land which no 
monger exists. The deep sea fauna is in like manner a fragment of the 
general glacial fauna. 8. The floras of the islands of the Atlantic re- 
gion, between the Gulf-weed Bank and the Old World, are fragments 
of the great Mediterranean flora, anciently diffused over a land consti- 
tuted out of the upheaved and never again submerged bed of the (shal- 
low) Meiocene Sea. This great flora, in the epoch anterior to, and 
probably, in part, during the glacial period, had a greater extension 
northwaid than it now px^sents. 9. The termination of the glacial 
epoch in Europe was marked by a recession of an Arctic &una and flora 
northward, and of a fauna and flora of the Mediterranean type south- 
ward ; and in the interspace thus produced there appeared on land the 
Germanic fauna and flora, and in the sea that fauna termed Celtic. 
10. The causes which thus preceded the appearance of a new assem- 
blage of organized beings were the destruction of many species of ani- 
mals, and probably also of plants, either forms of extremely local dis- 
tribation, or rach as were not capable of enduring many changes of con- 
ditions — species, in short, vrith very limited capacity for horizontal or 
vertical diffusion. 11. All the changes before, during, and after the 
glacial epoch M>pear to have been gradual, and not sudden, so that no 
marked line of demarkation can be drawn between the creatures in- 
habiting the same element and the same locality during two proximate 
periods."]— TV. 
• Job. Mailer, Phyaiohgie det Mentehen, bd. ii., s. 768. 
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ical character. " We do not know/' says Wilhelm von Hum- 
boldt, in an unpublished work On the Varieties of Languages 
and Nations, " either from history or from authentic tradition, 
any period of time in which the human race has not been 
divided into social groups. Whether the gregarious condition 
was original, or of subsequent occurrence, we have no historic 
evidence to show. The separate mythical relations found to 
exist independently of one another in different parts of the 
earth, appear to refute the first hypothesis, and concur in 
ascribing the generation of the whole human race to the union 
of one pair. The general prevalence of this myth has caused 
it to be regarded as a traditionary record transmitted from 
the primitive man to his descendants. But this very circum- 
stance seems rather to prove that it has no historicsd founda- 
tion, but has simply arisen from an identity in the mode of 
intellectual conception, which has every where led man to 
adopt the same conclusion regarding identical phenomena ; in 
the same manner as many myths have doubtlessly arisen, not 
from any historical connection existing between them, but 
rather i'rom an identity in human thought and imagination. 
Another evidence in favor of the purely mythical nature of 
this belief is aiibrded by the fact that the first origin of man- 
kind — a phenomenon which is wholly beyond the sphere of 
experience — is explained in perfect conformity with existing 
views, being considered on the principle of the colonization of 
some desert island or remote mountainous valley at a period 
when mankind had already existed for thousands of years. It 
is in vain that we direct our thoughts to the solution of the 
great problem of the first origin, since man is too intimately 
associated with his own race and with the relations of time 
to conceive of the existence of an individual independently of 
a preceding generation and age. A solution of those difficult 
questions, which can not be determined by inductive reasoning 
or by experience — whether the belief in this presumed tradi- 
tional condition be actually based on historical evidence, or 
whether mankind inhabited the earth in gregarious associa- 
tions from the origin of the race— can not, therefore, be de- 
termined from philological data, and yet its elucidation ought 
not to be sought from other sources." 

The distribution of mankind is therefore only a distribution 
into varieties, which are commonly designated by the some- 
what indefinite term races. As in the vegetable kingdom, 
and in the natural history of birds and fishes, a classification 
into many small families is based on a surer foundation than 
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where large secticmB are separated into a few but large diTi- 
sions ; so it also appears to me, that in the determination of 
races a preference should be given to the establishment of 
small famihes of nations. Whether we adopt the old classi- 
fication of my master, Blnmenbacb, and admit j^t?^ races (the 
Caucasian, Mongolian, American, Ethiopian, and Malayan), 
or that of Prichard, into seven races^ (the Iranian, Turanian, 
American, Hottentots and Bushmen, Negroes, Papuas, and 
Alfourous), we fail to recognize any typical sharpness of def- 
inition, or any general or well-established principle in the di- 
vision of these groups. The extremes of form and color are 
certainly separated, but without regard to the races, which 
can not be included in any of these classes, and which have 
been alternately termed Scythian and Allophyllic. Iranian is 
certainly a less objectionable term for the European nations 
than Caucasian; but it may be maintained generally that 
geographical denominations are very vague when used to ex<- 
press the points of departure of races, more especially where 
the country which has given its name to the race, as, for in- 
stance, Turan (Mawerannahr), has been inhabited at difier- 
ent periods! by Indo-Germanic and Finnish, and not by Mon- 
golian tribes. 

• Prichard, op. cit., vol. i., p. 247. 

t The late arrival of the Turkish and Mongolian tribes on the Oma 
and on the Kirghia Steppes is opposed to the hypothesis of Niebohr, 
according to which the Scythians of Herodotus and Hippocrates were 
Mongolians. It seems far more probable that the Scythians (Scoloti) 
shouid be referred to the Indo-Germanic Massagetae (Alani). The 
Mongolian, true Tartars (the latter term was afterward falsely given to 
purely Turkish tribes in Russia and Siberia), were settled, at that pe- 
riod, far in the eastern part of Asia. See my Asie Centrales t. i., p. 239, 
400 ; Examen CriUque de VHutoire de la Oiogr., th. ii., p. 320. A dis- 
tinguished philologist, Professor Bnschmann, calls attention to the cir- 
cumstance that the poet Firdousi, in his half-mythical prefatory remarks 
in the iS^cAa&nafiMA, mentions *'a fortress of the Alanr* on the sea-ishcoe, 
in which Selm took refuge, this prince being the eldest son of the 
King Feridun, who in all probability lived two hundred years before 
Gyrus. The Kirghis of the Scythian steppe were originally a Finnish 
tnbe ; their three hordes probably constitute in the present day the 
most nnnaerous nomadic nation, and their tribe dwelt, m the sixteenth 
century, in the same steppe in which I have myself seen them. The 
Byzantine Menander (p. 380-382, ed. Nieb.) expressly states that the 
Ohacan of the Turks (Thu-Khiu), in 569, made a present of a Kirghis 
slave to Zemarchus, the embassador of Justinian II. ; he terms her a 
Xepxk ; and we find in Abul^i {Historia Mongolorum el Tatarorum) 
that the Kirghis are called Ku-kiz. Similarity of manners, where the 
nature of the country determines the principal characteristics, is a very 
uncertain evidence of identity of race. The life of the steppes pro* 
duces among the Turks (Ti Tukio), the BaschkirB (Fins), the l£irgl]ds, 
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LacgQages, as intellectual creations of maa, and as closely 
interwoven with the development of mind, are, independently 
of the national form which they exhibit, of the greatest im- 
portance in the recognition of similarities or differences in 
races. This importance is especially owing to the clew which 
% community d descent afibrds in treading that mysterious 
labyrinth in which the connection of physical powers and in* 
tellectual forces manifests itself in a thousand difierent forms. 
The brilliant progress made within the last half century, i|i 
Germany, in philosophical philology, has greatly facilitated 
our investigations into the national character* of languages 
and the influence exercised by descent. . But here, as in all 
domains of ideal speculation, the dangers of deception are 
tlosely linked to the rich and certain profit to be derived. 

Positive ethnographical studies, based on a thorough knowl- 
edge of history, teach us that much caution should be applied 
in entering into these comparisons of nations, and of the lan- 
guages employed by them at certain epochs. Subjection, 
long association, the influence of a foreign rehgion, the blend- 
ing of races, even when only including a small number of the 
more influential and cultivated of the immigrating tribes, 
have produced, in both oontinents, similarly recurring phenom- 
ena ; as, for instance, in introducing totaUy diflerent families 
of languages among one and the same race, and idioms, having 
one common root, among nations of the most di^rent origin. 
Great Asiatic conquerors have exercised the most powerful 
influence on phenomena of this kind. 

But language is a part and parcel of the history of the de- 
velopment of mind ; and, however hap}»ly the human intel- 
lect, under the most dissimilar physical conditions, may unfet^ 
tered pursue a self-chosen track, and strive to free itself from 
the dominion of terrestrial influences, this emancipation is 
never perfect. There ever remains, in the natural capacities 
of the mind, a trace of something that has been derived from 
the influences of race or of climate, whether they be associated 
with a land gladdened by cloudless azure skies, or with the 
vapory atmosj^ere of an insular region. As, therefore, rich- 
ness and grace of langut^ are unfolded from the most luxu- 

Che Toraodi and Dtnngari (MongoUaiu), tbe Bame habits of Domadio 
life, and the same use 'of felt tents, carried on wagons and pitched 
among herds of cattle. 

* WiLhelm von Homboldt, Ueber die Versehiedenheit der metuehlichem 
Spraehbauet, in his great work Ueb4r die KaitirSprache avf der Zns^l 
JafMf bd. i., 8. xzi., rlviii., and ccxiv. 
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riant depths of thought, we have been unwilling wholly to 
disregard the bohd which so closely links together the physical 
world with the sphere of intellect and of the feelings by de- 
priving this general picture of nature of those brighter lights 
and tints which may be borrowed from eonsid^ations, however 
slightly indicated, of the relations existing between races and. 
languages. 

While we maintain the unity of the human species, we at 
the same time repel the depressing assumption of superior 
and inferior races of men.^ There are nations more sus- 
ceptible of cultivation, more highly civilized, more ennobled 
by mental cultivation than others, but none in themselves no- 
bler than others. All are in like degree designed for freedom ; 
a freedom which, in the ruder conditions of society, belongs 
only to the individual, but which, in social states enjoying po- 
litical institutions, appertains as a right to the whole body 
of the community. "If we would indicate an idea which, 
throughout the whole course of history, has ever more and 
more Mridely extended its empire, or which, more than any 
other, testifies to the much-contested and still more decidedly 
misunderstood perfectibility of the whole human race, it is 
that of establishing our common humanity — of striving to re- 
move the barriers which prejudice and limited views of every 
kind have erected among men, and to treat all mankind, with- 
out reference to religion, nation, or color, as one fraternity, one 
great community, fitted for the attainment of one object, the 
unrestrained development of the physical powers. This is the 
ultimate and highest aim of society, identical with -the direc- 
tion implanted by nature in the mind of man toward the in- 
definite extension of his existence. He regards the earth in 
all its limits, and the heavens as far as his eye can scan their 
bright and starry depths, as inwardly his own, given to him 
as the objects of his contemplation, and as a field for the de- 
velopment of his energies. Even the child longs to pass the 
hills or the seas which inclose his narrow home ; yet, when 
his eager steps have borne him beyond those limits, he pines, 
like the plant, for his native soil ; and it is by this touching 
and beautiful attribute of man — ^this longing for that which 
is unknown, and this fond remembrance of that which is lost 
— that he is spared finmi an exclusive attachment to the pres- 

* The very cheerless, and, m recent times, too often discussed doc- 
trine of the uneqaal rights of men to freedom, and of slavery as an in- 
stitution in conformity- with nature, is unhappily found most systematic' 
ally developed in Aristotle's PoUHcaj i., 3, 5, 6. 
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ent. Thus deeply rooted in the innennost nature of man, ana 
even enjoined upon him hy his highest tendencies, the recog- 
nition of the hond of humanity heeomes one of the nohlest 
leading principles in the history of mankind."* 

With these words, which draw their charm iirom the depths 
of feeling, let a brother be permitted to close this general^de- 
Bcription of the natural phenomena of the universe. From the 
remotest nebula and from the revolving double stars, we have 
descended to the minutest organisms of animal creation, wheth- 
er manifested in the depths of ocean or on the surface of our 
globe, and to the delicate vegetable germs which clothe the 
naked declivity of the ice-crowned mountain summit ; and 
here we have been able to arrange these phenomena accord- 
ing to partially known laws ; but other laws of a more mys- 
terious nature rule the higher spheres of the organic world, in 
which is comprised the human species in all its varied con- 
formation, its creative intellectual power, and the lajaguages 
to which it has given existence. A physical delineation of 
nature tenninates at the point where the sphere of intellect 
begins, and a new world of mind is opened to our view. It 
marks the limit, but does not pass it. 

* Wilhelm von Humboldt, Ueber die Katoi^pracke, bd. iii., s. 426. 
I subjoin the following extract from this work : ** The impetuous con- 
quests of Alexander, the more politic and premeditated extension of 
territory made by the Bomans, the wild and cruel incursions of the 
Mexicans, and the despotic acquisitions of the incas, have in both hemi- 
spheres contributed to put an end to the separate existence of many 
tribes as independent nations, and tended at the same time to establish 
more extended international amalgamation. Men of great and strong 
minds, as well as whole nations, acted under the influence of one idea, 
the jpurity of which was, however, utterly unknown to them. It was 
Chnstiauity which first promulgated the truth of its exalted charity, 
although the seed sown yielded but a slow and scanty harvest. Before 
the refigion of Christ manifested its form, its existence was^ only re- 
vealed by a faint foreshadowing presentiment. In recent times, the 
idea of civilization has acquired additional intensity, and has given rise 
to a desire of extending more widely the relations of national inter- 
course and of intellectual cultivation ; even selfishness begins to learn 
that by such a course its interests will be better served than by violent 
and forced isolation. Language, more than any other attribute of man- 
kind, binds together the whole human race. By its idiomatic proper- 
lies it certainfy seems to separate nations, but the reciprocal under 
standing of foreign lan^ages connects men together, on the other hand 
without iiguring individual national charactenstics." 
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ADDITIONAL NOTES 

TO THK PRB8BVT KDITIOV. MABCH, 1849. 



GioAiTTic Birds or Nxw Zealand. — ^Vol. i., p. 287. 

An extensive and highly interesting collection of bones, referrible to 
several species of the Moa ( Dinomis of Owen V and to three or four other 
genera of bihlsy formed by Mr. Walter Mantell, of Wellington, New Zeiii- 
land, has recently arrivea in England, and is now deposited in the Brit- 
ish Moseum. This series consists of between 700 and 800 specimens, 
belonging to different parts of the skeletons of many individoals of 
varioos sizes and ages. Some of the largest vertebne, tibue, and fem- 
ora equal in magnitude the most gigantic previousW known, while oth* 
ers are not larger than the corresponding bones of the living apteryx. 
Among these relics are the BkulU and matuUblet of two genera, the Dir 
nomi9 and Palapieryx; and of an extinct genus, Notomit, allied to the 
RdtUda ; and the mandibles of a species of Nestor, a genus of noctum 
al owl-like parrots, of which only two living species are known.* 

These osseous remains are in a very different state of preservation 
frarn any previously received from New Zealand ; they are light and 
I)orou8, and of a light fawn-color ; the most delicate processes are eti 
tire, and the articulating surfaces smooth and uninjured; fragmenit of 
egg-thellt, and even the bony ringe of the trachea and air tube; are pre- 
served. 

The boues were dug up by Mr. Walter Mantell from a bed of marly 
sand, containing ma^etic iron, crystals of hornblende and augite, and 
the detritus of augitic rocks and earthy volcanic tuff This sand had 
filled up all the cavities and cancelli, but was in no^ instance consoli- 
dated or aggregated together ; it was, therefore, easily removed by a 
soft brush, and the bones perfectly cleared without ii\)ury. 

The spot whence these precious relics of the colossal birds that once 
inhabited the islands of New Zealand were obtained, is a flat tract of 
land, near the embouchure of a river, named Waingongoro, ^ot far from 
Wanganui, which has its rise in the volcanic regions of Mount Egmont. 
The natives affirm that this level tract was one of the places first dwelt 
upon by their remote ancestors ; and this tradition is corroborated by 
the existence of numerous heaps and pits of ashes and charred bones, 
indicating ancient fires, long bumiBg on the same spot. In these fire- 
heaps Mr. Mantell found burned bones of men, moos, and doge. 

The fragmenU of egs-shelU, imbedded in the ossiferous deposits, bad 
escaped the notice of all previous naturalists. They are, unfortunately, 
very small portions, tlie largest being only four inches long, but they 
afford a chord by which to estimate the size of the original. Mr. Man- 
tell observes that the egg "of the Moa must have been so large that a 
hat would form a good egg-cup for it. Hiese relics evidently belong 
to two or more species, perhaps genera. In some examples the ex* 

* See Professor Owen's Memoir on these l^sU remains, in Zoologieal TVaiuao. 
CtoiM, 1848 

Vol. 1.— Q 
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teruttl surface is smooth ; in others it is marked with short intercepted 
linear giXK>ves, resembling the eggn of soxne of the Stmthionida;, but 
distinct from all known recent types. In this valuable collection only 
one bone of a mammal has been detected, namely, ike femur of a dog. 
An interesting memoir on the probable geological position and age 
of the ornithic Bone deposits of New Zealand, by Dr. Mantell, based 
on the obserx'atiooa of his entei-prising son, is published in the Quarter- 
ly Journal of the Geological Society of London (1848). It appears that 
in many instances the bones are imbedded in sand and clay, which lie 
beneath a thick deposit of volcnnic detritus, and rest on an argillaceous 
stratum abounding m marine shells. The specimens found in the rivers 
and streams have been washed out of their banks by the currents whicit 
now flow through channels from ten to thirty feet deep, formed in the 
more ancient alluvial soil. Dr. Mantell concludes that the islands of 
New Zealand were densely peopled at a period geologically recent, 
though historically remote, by tribes of cigantic brevi-pennate birds 
alKed to the ostrich tribe, all, or almost all, of species and genera now 
extinct ; and that, subsequently to the formation of the most ancient 
ornithic deposit, the sea-coast has been elevated (torn fifty to one hund- 
red feet above its original level; hence the terraces of shingle and 
loam which now skirt die maritime districts. The existing rivers and 
mountain torrents flow in deep ^lleys which they have eroded in the 
course of centuries in these pleistocene strata, in like manner as the 
river courses of Auvergne, in Central France, are excavated in the 
mammiferous tertiary deposits of that country. The last of the gigantic 
birds were probably exterminated, like the dodo, by human agenc;^ : 
some small species allied to the apteryx may possibly be met with in 
the unexplored parts of the middle island. 

The Dodo. — ^A most valuable and highly interesting history of the 
dodo and its kindred* has recently appeared, in which the history, 
affinities, and osteology of the DodOf Solitaire, and other extinct birds 
of the islands Mauritius, Rodriguez, and Bourbon are admirably eluci- 
date.! by H. G. Strickland (of^Oxford), and Dr. G. A. Melville. The 
historical part is by the former, the osteological and physiological por- 
tion by the latter eminent anatomist. We would earnestly recommend 
the reader interested in the most perfect history that has ever appear- 
ed, of the extinction of a race of lai^e animals, of which thousands ex- 
isted but three centaries, ago, to refer to the original work. We have 
only space cnoagh to state that the authors have proved, upon the most 
incontrovertible evidence, that the dodo was neither a vulture, ostrich^ 
nor galline, as previous anatomists supposed, but a frugiverous pigeon, 

* TkB Dada m^LiU Kiadf»d. By Ummn, BbteUsiid uid Malvine. 1 vol 4lBi 
vitll museroof platM. IU9ve0, LondoiH IMft 
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ABicu, Rermaini, stmetnnl relatlona of 

Tolcanic rocks, SM. 
Acosta, Joseph de, Historia Natnnl de las 

Indias, 68, 193. 
Adams, Mr., planet Keptnne. Bee note 
_by Translator, 96^ 91. 

Potamot, on the aOrolite of, 117, 



.£lian on Hotmt JBtna, 227. 

Aerolites (shooting stars, meteors^ mete* 
oric stones, fire-baDs, &e.), general de- 
scription of, 111-137 ; physwal charac* 
ter, 111^123 ; dates of remariEable falls, 
114, 115 ; their planetary Telocity, 11&- 
120; ideas of the andenis on, 115^ 116; 
November and August periodic fiills of 
shooting stars. ll&-19t), 124-126; their 
direction from one pomt in the heav- 
ens, 120 ; «ltitadej[20 ; orbit, 127 ; Chi- 
nese notices of, 1^ ; media of commu- 
nication witfi other planetary bodies, 
136 ; their essential di^erence from 
comets, 137 ; specific wi^lg^its, 116, 117 ; 
large meteoric stones on record, 117 ; 
chemical elements, 117, 129-131 ; cma^ 
129, 130; deaths occasioned by, 135. 

JEschyluSj " Prometheus Dclirered,»* 115. 

JBtna, Mount; its eleration, 28, 229; sup- 
posed extinction bv the ancients, 2S7 ; 
itB eruptions from mteral fissures, 229 ; 
similarity of its zones of vegetation to 
those of Ararat, 347. 

Agasslz, Researciies on Fossil Fidws, 46, 
273-277. 

Alexander, influence of hit campaigns on 
pDjrsica} science^ 3S3. 

Alps, the, elevation of, 28, g9._^ ^^ 

Amber, rcsc arches on ns vegcttHno oi'IglB, 
284 ; G6ppeTt on me amber-tree of the 
ancient world (Pinites saedferV 283: 

Ampere, Andr6 Marie, 56, 193, 236. 

Anaxagoras on adroHtes, ISS ; on A,e sur- 
rounding ether, 134. 

Andes; tte, their altitude, Ste. See Cbr* 
dilleras. 

Anghiora, Peter Martyr cte; reiBannd ibat 
tac ptdmeta and pmeta were ibvna as* 
sodated together, 289. 289; first recog- 
nized (1510) that the limit of perpetual 
snow contfaiues to ascend as we 8p>- 
proach the equator, 329. 

Animal Hfe, its universdfty, 318^5; a« 
viewed with microscopic powers of vis- 
ion. 341-346; rapidpropftgation andte^ 
nacMy of life in anmialcniesi 344-346 ; 
geography of, 341-346: 

Annlttg, Use Mary, discovery of the ink 
bag of the sepia, and of coproHtes of 



fish, in the lias of Lyme Regis, S7^ 
27!^ 

Anstod's, I>. T., "Ancient World.** Se« 
notes by Tntnshitor, 271, 272; 274, 281. 
287. 

Apian, Peter, on comets, 101. 

ApoQonius Myndlus, described the paths 
of comets, 103. 

Arago, his ocular micrometer, 39 ; chro- 
matic polarization, 52; optical consid^ 
orations, 85; on comets. 99-106; polar- 
ization experiments on ihe light of com- 
ets, 105; afirolites, 114; mi the Novem- 
ber fiill of meteors. 124 ; zodiacal lifiht, 
143; motion of the solar system, X46, 
147 ; on the increase of heat at increas- 
ing depths, 173. 174 ; magnetism of ro> 
tation, 179, 180 ^ horary observations of 
declination at Paris compared with si- 
multaneous perturl>ations at Kasauj 
191 ; discovery of the influence of mag- 
netic storms on the course of the nee- 
dle, 194, 195 ; on soutii polar bands, 198; 
on terrestrial light, SOU-, phenomenon 
of supplementary rainbows, 220; ob- 
served the deepest Artesian wells to be 
the warmest, 223 ; explanation of the 
absence of a refrigeration of tempera- 
ture fai the lower strata of the Mediter- 
ranean, 203; oiMervatlons on the mean 
annual quantity of rain in Paris, 333 ; 
his investigaticms on the evolution of 
lightnings £7. 

Argelander on the comet of 1811, 109 ; on 
the motion of die solar system, 146, 149 ; 
on the light of die Aurora, 195, 196. 

Aristarchus of Samos, the pioneer of the 
Copemican system, 65. 

Aristotle. 65 ; his definition of Cosmos, w ; 
use of the term history, 75 ; on comets, 
103; 104; on the Ligyan field of stones; 
115; aSrolites, 122; on the stone of JBgos 
Potamoa, 139 ; aware that noises some* 
times existed' without earthqnalEes, 209 ; 
his aeconnt of tiW ujrfreavab of islaads 
of eraption, 241 ; ** spoutaneuus mo- 
tion,'* 341 ; noticed the redness assum- 
ed by lonfffUlen snow, 344. 

Artesian wells, temperature o^ 174, SS3. 

Astronomy, resnlta of, 38*40; phenomena 
of pfaysfeai astronomy, 43, 44. 

AtmtMpnere, Ae, general descriptioar of, 
311, 316 ; its composition and admix- 
tore. 312; variation of pressure, 313« 
317; elimatte distributioK of heat, 313, 
317-328 ; dMrtbut on of humidity. 31%, 
328, 334; electric conditioB, 314, 333^ 
338. 
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, his pt^yehrometer, 332L 

, his Tlewv on spontaneoas 
^ f 34«!^ 34d. 
inrorrn Borealis, general deseription oC 
193-202; origfai and ooune, 195» 196; 
altitnde, 199 ; brilliancy coincident with 
the faU of thooting atars, 136, 127; 
whether attended with crackHng sound, 
. - rofitslight»a01. 
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Bacon, Lord, 53, 58 ; Nomm Organon, 
290. 

Baer, Von, 337. 

Baroneter, the, hicrease of its hei^t, at- 
tended by a depression of the lerel of 
the sea, 296 ; horary oscillations of, 314, 
315. 

Batten, Mr., letter, on the snow-line of die 
two sides of the Himalayas, 331, 332. 

Beaufort, Capt, observed the emissiona 
of inflammable gas, on the Caramanian 
coast, as described by Pliny, 223. See. 
also, note by Translator, fa3. 

9eanmont, Eue de, on tiie nplifting of 
mountain chains, 51, 300; influence of 
the rocks of melaphyre and serpentine, 
in the southern decliTities of tne Alps, 
on pendulum experiments, 167 ; con- 
jectures on me quartz strata of the Col 
de la Poissonidre, 266. 

Eeccaria, observation of steady luminoua 
appearance in the douds, 202 ; of light- 
ning clouds, Unaccompanied by thun* 
der or indications of storm, 337. 

Beechey, Capt, 97 ; observations on the 
temperature and dmsihr of the water 
of the ocean under different zones of 
longitude and latitude, 306. 

Bembo, Cardinal, his observations on the 
eruptions of Mount JStna, 229 ; theory 
of the necessi^ of the proximi^ of vol- 
canoes to tlie sea, 243 ; vegetation cm 
the declivity of JEtna, 347. 

B6raid, Capt, shooting stars, 119. 

Bertou, Count, his barometrical measure- 
ments of the Dead Sea, 296. 

Berzelius on the chemical elements of 
afiroUtea, 130, 13L 

Benzenbeiv on meteors and shootfaig 
stars, 119, 120 ; theh: periodic return in 
August, 125. 

Bessel's theoiy on the osdllations of the 
pendulum, 44 ; pendulum experiments, 
64 : on the parallax of 61 Cygni,88; on 
BiOley's comet 10% 103, 104 ; on the as- 
cent m shooting stars, 123 ; on their par- 
tial visibiUty, 128; velocity of tiie sun's 
translatory motion, 145 ; mass of the 
star 61 Cysni. 148; parallaxes and dis- 
loffixec' 



fixed stsjrs, 153; comparison 

of measurements of degrees, 165^ 166. 
I iot on the phenomenon of twilight, 118 ; 

on the zodiacal light, 141 ; poadulum 

experiments at Bordeaux, 170. 
fdot, Edward, Chinese observations of 

comets, 101, 109; of alrolifies, 128. 
ISachof on the mterior heat of the globe, 

.a7, 219, 235, 944, 294. 
dlumenbach. his classification of the races 

^iaen,35& 



Bdckh, origin of the at-cient myth of th« 

Nemean lunar lion, 134, 135. 
BMUslawsU, falls of shooting stars, 119 

Bonpland, M., and Humboldt on tiie pe> 
lagic sbeUs found on the ridge of the 
^' 45. 

of the word Cosmos* 



Boossingault, on the depth at which is 
found tiie mean annual temperature 
within the trraics, 175; on tiie volca- 
noes of New Graniida, 217 ; on tiie tem- 
perature of the earth in the tropics, 22a 
221 ; temperature of tiie thermal siHings 
of Las Trincheras, 222; his investiga- 
tions on the chemical analvsis of the at- 
mosphere, 311, 312 i on the mean an- 
nual quantity of rain in different parts 
of South America, 333, 334. 

Bouvard, M., 105 ; his observations on that 
portion of the horary oscillations of tho 
pressure of the atmosphere, which de 

Sends on tlie attraction of the moon 
13. 

Bramidos y truenoa of Guanaxuato, 209, 
210. 

Brandos, tails of shootins sturs, 114, 116 
height and velocity of shooting stars, 
120; tiieur periodic falls, 125^ 126. 

Bravais, on the Aurora, 201 ; on the dai]y 
oscillations of the barometer in 70^ 
north latitude, 314 ; distribution of the 

Quantity of rain in Central Europe, 334 ; 
oubts on the greater dryness ox mount- 
ain air, 334. 
Brewster, Sir David, first detected the 
connection between the curvature of 
magnetic lines and my isothermal lines, 

Brongniart, Adolphe, luxuriance of the 

Srimitive vegetable world, 218; foaail 
ora contained in coal measures, 280. 

Brongniart, Alexander, formation of rib- 
bon jasper, 250 ; one of the founders of 
the archsBologroforganie life, 273. / 

Brown, Robert, first discoverer rif molec- 
ular motion, 34L 

Bach's, Leopold von, theoiy on tbeelevi^ 
tion of continents and mountain chaina, 
45; on tiip craters and circular form 
of the island ctf Pahna, 226; on volca- 
noes, 234, .238, 242, 243, 247; on meta- 
morphie rocks. 249-252, 260, 263, 264; 
on the origin of various conglomeratoa 
and rocks of detritus. 269 ; classification 
of ammonites, 276, 277 ; physical causes 
of tiie etevation of continents, 295 ; on 
the changes in height of the Swedish 



Bttckhnd, 272; on the fossil fiora of the 
coal measures, 279. 

Buffbn, liis views on tlie geographical dis- 
tribution of animals, 348. 

Burckhardt on the volcano of Medini^ 
246; on tiie homitos de JoruUo, see 
note by Translator, 230. 

Bnmea, Sir Alexander, on the purity of 
the atmosphere in Bokhara, II44 prop> 
agation ofshocks of earthqnahes, 219L 
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CtSa»t L% peBcMnm meMaremento «t 
the Cape of Qood Hope, 169. 

Calda% quantity of rain at Santa FA de 
Bogota. 334. 

Camargo'8 MS. Hiatoria de Tltueala, 14a 

Capooei, his obaerrationB on periodic falls 
of ateolites, 196. 

Carllni, geodesic ezperiments in Lombar- 
dy, 1Gb; Mount Cenis, 170. 

Camora uiarble. 269^ 263. 

Car«% his dcinition of •^Nataro," 4L 

CaspianlSea, its periodic rise and fall, fi97. 

Cassini, Dominieas, on the zodiacal light, 
139, 140; hypothesis on, 141; hisdis- 
Govenr of the spheroidal fonn of JUpi- 

Cautley, Capt, and Dr. Faleoner, discor- 
ery of gigantic fossils in the Himalityas, 
878. See, also, note by Translator, 878. 

Cavanilles, first entertahied tiie idea of 
•eeinff crass grow, 149. 

Carencush, use of the torsion balance to 
determine the mean density of the 
Earth, 170. 

Challis, Professor, on the Aurora, March 
19 and Oct S4th, 1847, see note by 
Translator, 195^ 199. 

Chardin, noticed in Persia tiie famous 
comet of 1688. called "nyzck." or "pe- 
tite lance,'* 139. 

Oharpentier, M., belemnites fonnd in the 
primitive limestone of the Col de la 
Seigne, 861 ; glaciers, 329. 

Chemistry as distinguished from physics, 
62 ; chemical affinity, 63. 

Chevandier, dUculations on the carbon 
contained in tiie trees of the forests of 
our temperate zones, 281. 

Cfaildrey first described the zodiacal light 
in his Britannia Baconica, 138. 

Chinese accounts of comets, 99, 100, 101 ; 
shooting stars, 128 ; "fire springs^" 158 ; 
knowledge of the magnetic needle, 180; 
electro-magnetism, 188, 189. 

Chlftdai on meteoric stones, Sec., 118, 
135 ; on the seleni<;; origin of aerolites, 
121 ; on tlie supposied phenomenonc^ 
ascending shooting stars, 122; on the ob- 
scuration of the Sun's disk, 133 ; sound- 
figures, 135; pulsations in the taUs of 
comets, 143. 

Choiseul, his chart of Lemnos, 246. 

Chromatic polarization. See Polarization. 

Cirro-cumulus cloud. See Clouds. 

Cirrous strata. See Clouds. 

Clark, his experiments on the variations 
of atmospheric electricity, 335, 336. 

Clarke, J. O., of Maine, U. &, on the comet 
of 1843, 100. 

Climatic distribution of heat, 313, 317- 
328 ; of humidity, 328, 333, 334. 

Climatolocy, 317-329; climate, general 
sense 01,317, 318. 

Clouds, their electric tension, color, and 
height, 336, 337; connection of cirrous 
strata with the Aurora Borealis, 196; 
cirro-cumulus cloud, phenomena of, 
197 ; luminous, 202 ; Dove on their for- 
mation and appearance, 315, 316; often 
oresent on a origfat summer sky the 



^pnjtMed inun^ of the soU below, 
316; volcanic, m 

Coal formations, andent vegetable re- 
mains in, 280^ 281. 

Coal mines, depths of^ 158-160. 

Cclebrooke on the snow-line of the two 
sides of the Himalayas, 31. 

CoUadon, electro-magnetic apparatus, 335. 

Columbus, his remai'k that "the Earth is 
small and narrow," 164 ; found the com- 
pass showed noYariation in the Azores, 
181,182; of lava streams, 245; noticed 
conifene and palms growing together in 
Cuba, 282; remarks in his journal on 
the equatorial currents, 307 ; df the Sar- 
gasso Sea, 308; his dream, 310, 311. 

Comets, general description of, 99-112; 
Biela's, 43, 86, 107, 108 ; Blaupam's, lOSs 
Clausen's, 106 ; ISncke's, 43, 64, 86, 10&- 
108 ; Faye's, 107, 108 ; Halley's, 43, 100^ 
102-109; Lfxell's and Burckhardfs, 
106, 110; Mesrier's, 108; Olbers's, 109; 
Pons's, 109 ; famous one of 1668, seen 
in Persia, called **nyzek," or "petite 
lance," 189 ; comet of 1643, 101 ; their 
nucleus and tail, 87, 100; small mass, 
100; diversity of form, 100-103; light, 
104-106 ; velocity, 109 ; comets of short 
period, 107-109 ; long period, 109, 110 ; 
number, 99; Chinese observations on, 
99-101 ; value of a knowledge of their 
orbits, 43 ; possibility of collision of Bi- 
ela's and Encke's comets, 107, 106 ; hy- 
pothesis of & resisting medium conjec- 
tured from the dimmishing period of 
the revolution of Encke's comet, 106; 
apprehensions of their collision vrith 
the Earth, 108, 110, 111 ; tiieir popular 
supposed influence on the vintage, 111. 

Compass, early use of by the Cninese, 
180 ; permanency in the West Indies, 
181. 

Condamine, La, inscription on a marble 
tablet at the Jesuit's College, Quito, on ' 
the use of the pendulum as a measure 
of seconds, 166, 167. 

CondA, notice of a heavy shower of shoot- 
ing stars, Oct, 903, 119. 

Coraboeuf and Delcrois, geodetic opera- 
tions, 304. 

Cordilleras, scenery of, 26, 29, 33; vege- 
tation, 34, 35; intensity of the zodiacal 
light 137. 

Cosmography, physical, its object and ul- 
timate aims. 57-60 ; materials, 60. 

Cosmos, the author's object 38, 78 ; prim- 
itive signification and pre<Aae definition 
of the word, 69; how employed by 
Greek and Roman writers, ^, 60 ; der- 
ivation, 70. 

Craters. See Volcanoes. 

Curtius, Professor, his notes on the tem- 
perature of various springs in Greece. 
222,223. 

Cuvier, one of the founders of the archsa 
ology of organic life, 273 ; discovery ol 
fossil crocodiles in the tertiary forma 
tion, 274. 

Ddmachos on the phenomena attendin4 
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Aa ftU of III* #0M «C JlfM FttaMoi, 
133,134. 

OfOflun OB tfaeosictenoeof Cbkmwaan- 
aeoides io polar raow, 344. 

Dalton, obtenred the aooltiera ligbli In 
Englaad, 196. 

Dante, quotntioa from, 3SS. 

Darwia, Chariot, foaail yet»*>tf»" ^ ^^ 
trarertiDe of Vas Dieoan's La»d« 824 ; 
central volcanoea regardod m Toleaoic 
ohaina of amaU oztest o« paniUel fis- 
aime, 338; iiMtnictiTe matoriali in the 
temperate zonat of the foatheni bem- 
iapliere for tfao study of the preaent and 
pairt geography of planla, 9B3i 963 ; on 
the fiord formatioB at the wmtfaeiait end 
of America, 803 ; omlbe elevatioo and 
depioMion of the bottom of the South 
eea, 89>; rich lunriaoce of animal life 

- in the ocean, 309, 310 ; on the voksano 
ofAeooeagaa,330. 

Daabeney on vokanoet. See Tnmda- 
tor'8 note^ 161« 903. 904. 910, 816, 924, 
929^230,933,834,235,336,944,945. 

Oausay, faif barometric ezperimeoti, 996 ; 
observations on the relocttgr of tbs equa* 
tonal ourreot, 307. 

Davy, Sir Humphrey, hypothesfi ob ac^ 
ive volcanic phenomena, 935; on the 
low temperature of water ofi shoals^SOd. 

Dead Sea. Us depreiaio9 below tfao level 
of the Jfediterranean. 896, 297. 

Dechen, Von, on the depth of the eoal- 
basin of Liege, 16a 

Delcrois. See Corsbcdttf. 

Descartes, bis firagmento of a oootea^a- 
ted work, entiUed "Monda," 66 ( on 
comets, 139. 

Deshayes and Ly^ their invesdgatioiis 
on UM nmoerical relatiooa of extinct 
and existioff organic lilia, 975. 

Dicearchos, his ** parallel of the dia- 
phram," 289. 

Diogenes Laertias, on the air<^ita of 
iBgos Potamos, 116, 12{i, 134. 

D'Orbigny, fossil remains from the Hima- 
laya and the Indian plains of Cutch, 277. 

Dove on the similar action of the declina- 
tion needle to the atmospheric electrom- 
eter, 194 ; •* law of rotation,** 315 ; on tbo 
formation and ropearance of clouds, 
316; on the dioerence between the 
true temperature of the snrfiice of the 
ground and the indications of a ther- 
mometer suspcanded in the shades 395 ; 
hygrometrio windrose, 333. 

Doydre, his beautiful experiments <mi the 
tenacity of life in animalcules, 345. 

Drake, shaking of the earth for successive 
days in the United States (1611-19), 911. 

Dufr6noy et Elie de Beaumont, Gtelogie 
de la France, 953, 958, 950. 960, 969, 966. 

Dumas, results of his chemical analysis 
of the atmosphere, 311. 

Dunlop on the oomet of 1895^ 103. 

Dnperrey on the configuration of the mag- 
netic equator, 183 ; pendulum oscilla- 
tions, 166. 

Puprez, influence of trees on the intensi- 
ty of electridlj in the almosph««,83S^ 



£mcH. VMaalli, iilwitifa iwrtiiiiiitUM dor 
ing the protracted earoiqiiidm of Pfgiio> 
nd,906. 

Earth, survey of its crust, 72; rdative 
magi^tttde, 4ub., m the aobr syatom, 
85-«r; general descripdon of terrastri- 
al phenomena, 154-360; geograpfaica] 
discribtttion, 161. 168; its aman densely, 
16»-172; JmenMdheatandtenperatare. 
173-176 ; electro-magnottc aetivitar. 177- 
193; oondeotttrosonHiaatiyU^^tBa- 
paratOTOb 179; iotwior incsraifce of heat 
with ineremdM depth, 161 ; gveateat 
depOyi reached by nnown lahor, 157- 
150; method* employed to inveatuate 
the curvature of its surface, 165-16B; 
venetion of the infeBrior on the extomal 
emal, 161, 908-947 ; genovl ddmealion 
ofitaraaction,204-a06; frntastic views 
on its Interior, 171. 

Earthquakes, general account oC 904^-0018 . 
manifestations 



their manilestetions. 904-806^ of BJo- 
bvnba, 804. 906; 908, 213, 914; Uabon, 
21Q, 211, 213, 214 ; Calabria, 206 ; their 
propagation, 904, 218, 813; wavea ot 
commotion, 805, 806^ 918; action on 
gaseous and aqueous springs. 9U>, 222, 
994 ; aalsea and inud volcanoes,. S84> 
888; erroneovs popular belief oa, 806> 
208 ; noise accompanying earthquakes, 
90&-81O; their vast <testruction ofliftb 
210. 211 ; volcanic fane, 214, 215 ; deep 
and peculiar impression j 
men and anbnals, 215, 816 

Ehrenberg, his discovery of infusoria in 
the polShmg skte of BiHn, 150 ; infuso- 
rial deposits, 255b 262 ; brilliant diacov- 
ery of microscopic life in the ooem and 

^19 the ice of the polar regiana. 348; rap- 
id propagation of animaknlesaad their 



tenMdty of life, 343-315; 
tion of chalk. 969. 

ISlectrici^, magnetic, 1^8-808; conjec- 
tured electric currants, 169, 190; elec- 
tric storms, 194; aCmospherio, 335 
337. - 

EleralioBS, comparative, of mountains in 
the two hemispheres, 88, 99. 

Encke, 106 ; his eompitation tiiat tho 
showera of meteors, in 1633, proeeeded 
from the same point of space in the di- 
rection in wbidi the EarUi was moving 
at the lime, 119. 190. 

Ennius, 7L 

Epicbarmus, writings o( 71. 

Equator, advantages of the eonntxiea boi 
dering on, 33, 34 ; their organic richness 
and Utility, 34, 35; magnetic equator, 
183-185. 

Ennan, Adolpfa, on the three cold days 
of May (llflt-lSth), 133 ; hnes of decli- 
nation in Northern Asia, 189 ; in the 
southern parts of the Atlantic, 187 . 
observations during the earthquake at 
Irkutsk, on the non-disturbance of the 
horary changes of the magnetic needle, 
907. 

ErupCiona and exhalations (volcanic), la- 
va, gaseous and liquid fluids, hot vandL, 
mud mofettes, d^ 161, 810.310 



Digitized 



by Google 



IN'DKX. 



367 



BlhiMV^^ical ttviliMi ikmr importance 

and teaching, 357, SoSL 
Rnripides, Ms Phaeton, 122. 

Falconer, Dr., foaail reseafdies in the 
Ifimalayaa, 278. 

Faradayt raeUating heet^ electro-magnet- 
ism, &c, 49, 179, 188; bnUiaat diseoT- 
ery of the evolutioa of Mght by mag^* 
netic forces, 193. 

Farqvharaon on the oimaectiea, of oirroas 
clouds with the Aurora, 197 { its alti- 
tude, 199. 

Fedorow, his pendulam experhne^ 168. 

Feldt on the ascent of shooting stars, 123. 

Ferdinandea, igneous island w, 24S. 

Floras, geographical disUibution of^ 350. 

Forbes, Professor E., inference to his 
Travels in Lycia, 223 ; account of the 
island of Santorino, 241, 342. 

Forbes, Professor J., his improved seis- 
mometer, 205; on the correspoiidence 
existing between the distribution of ex- 
^ tsling floras ia the British Islands, 348, 
349 ; on the origin and diffusion of the 
British flora, 353, 354. 

Forster, George, remarked the clunatic 
difference of temperature of the east- 
em and western coasts of botii conti- 
nents, 321. 

Forster, Dr. Thomaf, monkish notice of 
^•Meteorodes,*' 123. 

Fossil remains of tn^ncal plants and an- 
imals found in northern regions, 46, 
270-284 ; of extinct vegetation in the 
travertine of Van Diemea's Land, 224 ; 
fossil human remains, 250. 

Foster, Reinhold, pyramidal configura- 
tion of the southern extremities ofcon- 
tinents, 290, 291. 

Fourier, temperature of our planetary 
system, 155, 172, 176. 

Fracastoro on the direction of the ta£ls of 
comets from the sua, lOL 

FrfBhn. fall of stars, 119. 

Franklin, Benjamin, existence of sand- 
banks indicated by tiie coldness of the 
water over them, 308. 

Franklin, Capt., on the Aurora, 197, 199, 
200, 201 ; rarity of electric explosions 
in high northern regions, 337. 

Freyeinet, pendulum oscillations. 166. 

Fusinieri on meteoric masses, 123. 

Galileo, 104, 167. 

Galle, Dr., 91. 

Galvani, Aloysio, accidental discovery of 
galvanism, 52. 

Gaseous emanations, fluids, mud, and 
molten earth, 217-220. 

Gasparin, distribution of the qaantity of 
ruin in Central Europe, 333. 

Gauss, Friedrich, on terrestrial magnet- 
ism, 179 ; his erection, in 1832, of a mag- 
netic observatory on a new principle, 
191, 192. 

Gay-Lussac, 204, 233, 234, 266, 267, 311, 
312, ?34, 336. 

Geognostic or. geological description of 
the earth's surfaeu. 202-286. 



-GpogMtf (the study of the textures aa4 
posUaoB of the earth's surface), its prog- 
ress, 203. 

Geography, phydcal, 288-311 ; of animal 
liie, 341-346 ; of plants, 346-351. 

Geographies, Rittet's (Carl), ^Geography 
in relaticm to Nature and the History 
of Man," 48^ 67; Varenius (Bernhard), 
General and Comparative Geography. 
66, 67. 

Gerard, Capts. A. G, and J. G., on the 
snow-line and vegetation of the Hima- 
kyas, 31, 32, 331, 332. 

German scientific works, theur fkfects, 
47. 

Geyser, intermittent fountains of, 222. 

Gieseke on the Aurora, 200. 

Gilbert, Sir Humphrey, Gulf Stream, 307. 

Gilbert, William, of Colchester, terres- 
trial magnetism, 158. 159, 177, 179, 182. 

Gillies, Dr., on the snow-line of South 
America, 330, 331. 

Gioja, crater of, 98. 

Girard, corapontion and texture of ba. 
salt, 253. 

Glaisher, James, on the Aurora Borealis 
of Oct 24, 1647. See Translator's notes, 
194, 200. 

(^Id^ss, Professor, examination of fossil 
specimens of the flying saurians, 274. 

Gdppert on tiie conversion of a fragment 
of amber-tree into black coal, 281 ; ey- 
cadesB, 283; on the amber-tree of the 
Baltic, 283, 284. 

Gotiie, 41. 47, 53. 

Greek philosophers, their use of the term 
Cosmos, 69, 70 ; hypotheses on a«ro* 
lites, 122, 123, 134. 

Grimm, Jacob, graceful qrmbolism At- 
tached to falling stars in the LitiiUaaian 
mytiiology, 112, 113. 

Guli Stream, its origin And course, 307. 

Gumprecht, pyroxenic nepheHne, 253. 

Guaaaxuato-, striking subterranean noise 



Hall, Sir James, his experiments on mfai- 
eral fusion, 262. 

Halley, cornet^ 43, 100, 102-109; on the 
meteor of 1686, 118, l33-,^_on the light 
of stars, 152 ; hypothesis of the earth 
being a hollow sphere, 171 ; his bold 
conjecture that the Aurora Borealis was 
a magnetic phenomenon, 193. 

HansteenK>n magnetic lines of declination 
in Northern Asia, 182. 

Hansen on the material contents of the 
moon, 96. 

Hedenstrom on the so-called "Wood 
Hills" of New Siberia, 281. 

Hegel quotation from his "Philosophy 
of History," 76. 

Heine, discovery of crystals of feldspar 
ia scorie, 268. 

Hemmer, falling staie, 119. 

Hencke, planets discovered by. See note 
by Translator, 90. 91. 

Henfrey. A., extract from his Outlines of 
Structural and Physiological Botany, 
Sea notes by Trauslator, 3^ 1. 342, 35i. 
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I (Ml the ▼tfiirtkMM of fttm te te 
iofl7i4,10S. 

Herodotoa, dfeicribed Scytliia as fiee firam 
«grtiia«ake^204; ScTthiim aaga of tho 
aaered cold, which ftU barning from 
hMTen, US. 

Benehel, girWniiun, map of the world, 
96 ; huNsriptioii on hLi momuieBt at Up* 
ton, 87; aateUitea of Satani, 9$; diam- 
eter* of eometB, 101 ; on the comet of 
1611, 103; fltar gnagingi, 150; ataxlew 
•pnoe, 190^158; time reqobed ibr lig^t 
to paaa to the earth from tiie ranoteat 
lominona Tmor, 154. 

Herachd, Sir John, letter <m Magpllanic 
cloodt,69; •ateffitesofaatvm.SO; or- 
bits of the satelUtes of Uranos, 98; di- 
ameter of nebnkms stars, 141 ; stellar 
Milky Way, ISO, ISl; Hght of isolated^ 
starry dosters, ISi; obaerred at the 
Cape, ate star if in Axvo increase in 
t splendor, 153 ; inyariabifity of the mag- 
netic decUnation in the West Indies, 181 . 

Hesiod, dimensions of the nnirerse, 154. 

HereUns on tiie comet of 1618. 108. 

IfiU)ert,Dr.,ontheLakeofLaadi. See 
note by Translator, S18. 

Htanalayas, the, their altitude, 28-; seen- 
ery and Tegetation, 29, 30; tempera- 
tore, 30, 31 ; Taxiaticms of the mow-UxM 
on thdr northern and sontliem de4diT- 
ities, 30-33, 33L 

Hhid, Ur., planets ABcoTered by. See 
TViinsIator's note, 90, 91. 

Htaidoo civilization, its priraidTe seat^ 35^ 
36. 

ffippalos, or monsoons, 31& 

Hippocrates, his erroneons snpposition 
ttiat the Umd of Scythia ii an elerated 
table-land, 346. 

Hoff, nomerical inqoiries on the distri- 
bution of carthfxakes tiiroaghoat the 
year, 907. 

Hoflxnan, Friedrich, obserrations onearttt- 
quakes, 206, 207 ; on eruption fissures 
in the Llpari Islands, 238. 

Holberg, Us Satire, "^TVaTeli of Nie. KHm- 
ius, in tiie world under ground." See 
OVanslator's note, 171, 172. j 

Hood on the Amrora, 200, 201. I 

Hooke, Robert, pulsations in the tails of 
cometB, 143 ; his anticipation of the q>- 
plieation of botanical and zoological 
evidence to determine tiie relative age 
of rocks, 270-272. 

Flo-tsings, Chinese fire -springs, their 
deptii, 158; chemical composition, 217. 

Howard on the climate of London, 125 ; 
mean annual quantity of rain in Lon> 
don, 333. 

HOgel, Carl von, on the elevation of tiie 
vidley of Kashmir, 32, 33; on the snow- 
line of the Himalayas, 331. 

Bvmboldt, Alexander von, works 1^, re- 
ferred to in various notes : 
Annales de Cfaimie et de Physique^ 

31,305: 
Annales des Sciences KatureUes, 28. 
Ansichten der Natur. 342, 344, 347. 
AaieCentrale.2B, 3L, 33^ 115^ 158^ IflS, 



180( «)4, «L7, 219, SaS, 96, SSA, tS^ 
960,289,290,291,292,296,300^301, 
303-306^320,323^324,330,331,334, 
350,356. 
Alias Gfognnhiqae et Physique da 

Nouvean Continent, 33, 249. 
De distribatione Geogr ^ihicA Plan- 
taram, MBcnndnm cadi temperiem, 
et altitndincm Hontimn, 33; 291, 
391 
Ezamen CriUqne de rOstoire de la 
66ograpUe, 58, 180, 181, 227, 289, 
292, 307, 308, 310, 316, 856. 
- Essai Geognostiqoe sur le Gisement 
des Boctes^ 230, 252, 266; 30a 
Essai Politique sur la Nouvelle Es- 

pagne, 129, 240. 
Ebsu sur la Gtegraphie des Plantes, 

33,230^31& 
Flora Friburgensis Subterranen, 340L 

346. 
Journal de Phystqve, 178, 292L 
Lettre an Due de Sussex, sur. lea 
Moyens propres & perfectionner la 
conmassanoe da lugn6tisme Ter- 
restre, 178, 192. 
Monumens des Peaples Indigenes do 

TAmeriqae, 140l 
Noorelles Annales des Voyages, 39?. 
Recueil d'Observations As&onom 

fcjites, 28. 167, 218^ 3S7. 
Recueil d'Observations de Zoologie 

et d'Anatetide Coamarfe, 232. 
Relation Historique da Voyage a«x 
Regions Eqnmoxiales, 113, 119. 123, 
127, 130; 186, 206, 207, 220, 221. 225^ 
252; 292, 299, 300, 302, 305-^07. 314, 
315, 327, 329, 334, 336. 
TaUean Physique des R^iona E^tu 

noxiales, 33, 230. 
Vues des CordiTldrcs, 225^ 23a 
Humboldt, Wilhelm von, on tiie primitive 
sesC of Hindoo civilization, 36; sonnet; 
extract fronx, 154 ; on the gmdui^ rec- 
ognition by the human race of the bond 
of hnmanity, 358, 359. 
Humidity, 313, 332-335. 
Hutton, Capt Thomas, lus paper on the 

snow-line of tin HimnlaTas, 331, 33& 
Huygens, polarization of light, 52; nebu- 
lous spots, 138. 
Hygrometry, 332^ 333 ; hygrometric wind- 
rose, 333. 

Imaginati<m, abuse o^ by half-civilized na- 
tions, 37. 

Imbert, bis account at Chinese "fire- 
springs," 158. 

loman school pf natural philosophy, 65^ 
77, 84, 134. 

Isogenic, isoclinal, iaodynamic, &e. See 



Jacquemottt, Victor, his barometrical ob* 
servatiaDS on the snow-line of the Him- 
alayas, 32, 331. 

Jasper, its formation, 259-261. 

Jessen on the gradual liae of tiie coast of 
Sweden 29& 

Jornllo, homitos de^ 2901 
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eoajeetorM on' fhe pbyiictl 
of Tolcanlc eruptU>n8» 943. 



Ktlmtz, iiobarometric lines, 315 ; doubts 
on tiie greater dryneu of mountain air, 
334. 

Xant; Emanuel, '*on the theory and struc- 
ture of the heayena," 50, 65 ; eartii> 
onake at Lisbon, 210. 

Keilhau on the ancient iearline of the 
eoaat of Bpitsberfjen, 296. 

K Aler on tae diatancea of stars, 86 ; on 
the density of the planeti, 93; law of 
progression, 95 ; on the number of com- 
ets, 99; shooting stars, 113; on the ob- 
•curatton of the sun's disk, 132; on the 
radiations of heat from the fixed stars, 
136 ; on a solar atmosphere, 139. 

KUSden, shooting stars, 119, 124. 

KnowledM, superficial, evils txL 43. 

Krug of Middft, temperature of the Gey- 
ser and the Strokr intermlttant foun^ 
aiBS,S22. 

Kmsmstem, Admiral on the train of a' 
flre^Mdl, 114? 

Kuopho, a Chinese physicist; on the a^ 
traction of the magnet, and of amber, 
188. 

Kmpffer, magnetic stations in Northern 
Asia, 191. 

Lamanon, 187. 

Lambert, suggestion that the direction of 
the wind be compared with the height 
of the barometer, alterations of temper- 
ature, humidity, &c., 315. 

Lamont, mass of Uranus, 93 ; satellites of 
Saturn, 96. 

Language and thought, their mutual alli- 
ance, 56 ; author's prais^ of his native 
language, 56. 

Languages, importance of their study, 

Umlace, his '*Systdme dn Monde," 48, 
62, 93, 141 : mass of the comet of 1770, 
107; on the requhred Telocity of masses 
projected from the Moon, 121, 123; on 
the altitude of the boundaries of the at- 
mosphere of eosmical bodies, 141 ; zo- 
diacal hffht, 141 ; lunar me^uaUties, 166 ; 
the Earm's form and size infeired from 
hmarinequaUties, 168, 169 ; his estimate 
of tiie mean height of mountains, 301 ; 
density of the ocean required to be less 
than the earth's for the stability of its 
equilibrium, 305 ; results of his perfect 
theory of tides, 306. 

Latin writers, their use of the term '* Mun- 
dus," 70, 7L 

Latitudes, Northern, obstacles they pre- 
sent to a discoTery of the laws ofNa- 
ture,36; earliest acquaintance with tiie 

Stveming forces of tho physical world, 
ere displayed, 36 ; spread from thence 
of the germs of civilization, 36. | 

Latitudes, tropical, their advantages for I 
the contemplation of nature, 33 ; pow- ; 
orfol impressions,' from .tiieir organic , 
richness and fertility, 34 ; faciHttes they i 
preaenf for a knowledge of the laws of | 

Q 



i»eiire,35'; briUiant display of shooting 
stars, 113. 

Laugler,hiB calculations to prove Hallo's 
comet identical with the comet of 1378, 
described ia Chinese tables, 109. 

Lava, its mineral composition, 234. 

Lavoisier, 62. 

Lawrence (St), fi»7 tears, 124; meteoric 
stream, 125. 

Leibnitz, Us conjecture that the planets 
increase in volume in proportion to 
their increase of distance from tiio' 
Sun, 93, 

Lenz, observations on the mean level of 
the Caspian Sea, 297 ; maxima of dens- 
i^ of ue oceanic temperature, 304 ; 
temperature and density of the ocean 
under different zones of latitude and 
longitude, 306. 

Leonhard, Karl von, assumption on for- 
mations of granular limestone, 263. 

Leverrier, planet Neptune. See Trans- 
lator's note, 9Q, 91. 

Lewy, observations on the varying qtuin- 
tity of oxygen in tiie atmosphere, ac- 
cording to focal conditions, or the sea- 
sons, 311. 312. 

Lichtenberg, on meteoric stones, 118. 

LieMg on -traces of ammoniacal vapors in 
the atmosphere, 311. 

Light, chromatic polarization of, 52 ; trans- 
mission, 88; of comets, 104-106 ; of fix- 
ed stars, 105 ; extraordinary lightness, 
instances of; 143-144 ; propagation o^ 
153; speed of transit, 153, 154. Seo Au- 
rora, Zocttacal Light, &c. 

Lignites, or beds ot brown coal, 283, 284. 

Lines, isogonic (magnetic equal devia^ 
tion), 177, 181-185; isoclinal (magnetic 
equal incUnation), 178, 179, 181-185 ; 
isodynamic (or magnetic equal force), 
181,185-194 ; isogeothermal (chthoniso- 
thermal), 219 ; isobarometric, 315 : iso- 
thermal, isotheral, and isochimenal, 317, 
337,328,34& 

Line of no variation of horary declination, 
183; lower limit of perpetual snow, 329- 
332; phosphorescent, 113. 

Lisbon, earthquake of; 210^ 211, 213, 214. 

Lord on the limits of the snow-line on the 
Himalayas, 32. 

Lottin, his observations of the Aurora, 
with Bravais and SiUerstrom, on tho 
coast of Lai^and, 195, 200, 201. 

Lowenom, recognized the coruscation of 
the polar light in bright sunshine, 196. 

Lyell, Charles, investigations on the nu- 
merical relations of extinct and organ- 
ic life, 274, 275 ; nether-formed or hyp- 
ogeno rocks, 249 ; uniformity of the pro- 
duction of erupted rocks, 257. See notes 
by Translator, 303, 244, 257. 

Mackenzie, description of a remarkable 
eruption in Iceland, 236. 

Maclear on a Centauri, 88 ; parallaxes 
and distances of fixed stars, 153 ; in- 
crease in brightness of i; Argo, 153. 

MtUDer, planetary compression of Uranus, 
96; distant^ of the innermost satellilo 

2 
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of Strtorn from tba esntBr oflliitylnet, 
97; nutmlal contents of tiw Moon, 96; 
it! labntioD. 96; mean depreaooa of 
temperatnre on the Aree cold digrt of 
May (111h>13tti). 133; coajectore that 
tile average mau of the larger number 
of binary atara exceeds fhe maaa of Ae 
Sun. 149. 

Afagellanic cloada, 85. 

Magnetic attraction, 188 ; decUaation, 181- 
183 ; horary motion, 177-180 ; horary 
Tariationa, 183; 190; magnetic atorma, 
177, 179, 193. 199 ; their intimate con- 
nection with the Aarora, 193-201 ; rep- 
resented by three systems of lines, see 
Lines; movement ofoval systems, 182; 
magnetic equator, 183-185; magnetic 
poles, 183, 184; observatories, 190-192; 
magnetic stations, 190, 191, 317. 

Magnetism, terrestrial, 177-193, 201 ; elec- 
tro, 177-191, 

Magnassen, Soemnnd, description of re- 
markable emption hi Iceland, 236. 

Mahlmann, Wilhelm, southwest direction 
of the aerial current in the middle lati- 
tudes of the temperate zone, 317. 

Mairan on the zodiacal light, 138, 139, 142; 
his opinion that the Sun is a nebulous 
star, 141. 

Malapert, annular mountain, 98. 

Malle, Dureau de la, 223. 

Man, eeneral view ot, 351-359 ; prooft of 
the flexibility of his nature, 27 ; results 
of his intellectual progress, 53, 54 ; ge- 
ographical' distribution oi races, 351- 
356 ; on the aasumptton of superior 
aod inferior races, 351-358 ; his gradu- 
al recofifnition of the bond of humanity, 

Mantell, Dr., his "Wonders of Geology," 
see notes by Translator, 45, 64, 203, 274, 
278, 281, 283,284, 287; "Medals of Cre- 
ation," 46, 271, 283, 287. 

Margarita Philosophica by Gregory 
Reisch, 58. 

MariuB, Simon, first described the nebu- 
lous spots in Andromeda and Orion, 
138. 

Martins, observations on polar bands, 198 ; 
found that air collected at Faulhom con- 
tained as much oxygen as the air of Par- 
is, 312 ; on the distribution of the quan- 
tity of rain in Central Europe, 333 ; 
doubts on the greater dryness of moun^ 
ain air, 334. 

Mattiiiessen, letter fi> Arago on the zodi- 
acal li^t, 142. 

Mathieu on the augmented intensity of 
tlie attraction of gravitation in volcanic 
Islands, 167. 

Mayer, Tobias, on the motion of the solar 
system, 146, 148. 

Mean numerical values, their necessity 
In modern physical science, 8L, .- 

Melloni, his discoveries on radiating heat 
and electro-magnetism, 49. 

Menzel, unedited work by, on the flora 
of Japan, 347. 

Messier, comet, 108 ; nebulous spot re- 
aembling our starry stratum, 15L 



Meteorology, 311-030. 

Meteors, see ASiolites; meteoric infuso 
ria. 345| 346. 

Metfaone.Bm 0^240. 

Me^en on forming a thermal acale of cul> 
tivation, 324 ; on the veorodue&ro «r- 
gans of liverworts and a%D, 341. 

Meyer, Hermann von, on tiie oc^aiamtiQn 
of flying aaariaaa, 274. 

Milky Way, its figure, 89 ; viewaof Aris- 
totle on. 103 ; vast Ideaeopfe tanetfdtfc, 
150; IGlkr Ww of nebahNW apoto at 
right angles with tiiat •{ the atara, 151. 

Minerals, artifidally formed, 968. 96B. 

Mmes, greatest depth o^ 157-150; tem- 
perature, 15& 

Mut, phosphorescent, 149L 

Mitchell, protracted eartb«BalM sbods fai 
North America, 211. 

Mitscherlich on the ehemicd erigiB 9i 
iron ^^ee hi volcanic maaaes, 894; 
chemical combinationa, a woani of 
throwinga i^eur light on seogaoaj, S56 ; 
on gypsum, as a nniaxal crystal, 269 ; 
exi>enments on the simnltaBeoualy op- 
posite actions of heat on crystaUina 
bodies, 259'; formation of erystato of 

. mica, 260; on artificial miaeral prod- 
ucts, 268, 271. 

Mofettes (exhalationa of earfoonie add 
gas). 215-219. 

Monsoons (Indian), 316, 317. 

Monticelli on the current of hydiHieUorie 
acid from the crater of Veanvina, 335 ; 
crystals of mioa fi^tuid in the lava of 
Vesuvius, 260. 

Moon, the, its relative magnitade^ 96; 
density, 96 ; distance from the eartlli 
97; its libratioa, 90, 163; its light oom- 
pared with that of the Aurora, 901, 902 ; 
volcanic action in, 328. 

Moons or satellites, their diameter, dis- 
tances, rotation. &e^ 95-99. 

Morgan, John H., "on the Aurora Bore- 

• alls of Oct 24. 1847." See Translator's 
notes, 194, 199. 

Morton, Samuel George, his magnificent 
work on the American Races, 369. 

Moser'4 images, 202. 

Mountains, in Asia, Anieriqa, and Eurcq^ 
their altitude, scenery, and vegetation, 
87-30, 228, 347 ; their influence on cU- ■ 
mate, natural productions, and on the 
human race, its trade, civilization, and 
social condition, 291, 292, 299, 300, 327 ; 
zones of vegetation on the declivities 
of, 39, 30, 3S^-329 ; anow-liao ^ 3».33^ 
330,331. 

Mud volcanoes. See Salses and Volea* 
noes. 

Miiller, Johannes, on the modificationa 
of plants and animals within oertain 
limitations, 353. 

Muncke on the appearance of Auroraa in 
certain districU, 198. 

Murchison, Sir R., account of a large fis- 
sure through which melaphyre bad 
been ejectea, 258 ; class^catioa of fos- 
silifisrous strata^ 277 ; on the age of the 
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fialBoaaittMciid TlieeodontoMmrit of 

Briatol. 274. 

Muachenbrodc on tiie frequency of mete- 
ors in August, 135. 

MjBdiuB, Apollonioa, on the Pythagoreao 
doctrine of comets, 103, 104. 

Vatnre, remilt of a rstional inquiry into, 
25; emotions excited by her contem- 
plation, 25; striking scenes, 26; tiieir 
sources of enjoyment, 26, 97 ; mngBlS- 
eenoe of tbe tropical scenery, 33, 34, 35, 
344 ; religions impulses from a com- 
muniou with natare, 37; obstacles to 
an actire spirit of iaqairy, 37 ; mischief 
of inaccurate observations, 38 ; higher 
enjoyments of faer study, 36 ; narrow- 
minded views of nature, 38 ; lofty im- 
praskms produced pa the minds of la- 
borious observers, 40 ; nature defined, 
41 ; her studies inexhaustible, 41 ; gen- 
eral obsenratioBS, their great advanta* 
ges, 42 ; how to be correctly compre- 
hended, 72 ; her most vivid impressions 
earthly, 82. 

Nature, philosophy of, 24, 37; i)hy8ical 
description o^ 66, 67. 73. 

Nebulas, 64-86; nebulous Milky Way at 
right angles with that of the stars, 150- 
153 ; nebulous spots, conjectures on, 
83-66 ; nebulous stars and planetary 
nebula*, 85, 151, 152; nebulous vapor, 
8^-^, 87, 152; their supposed conden- 
sation in conformity with the laws of 
attraction, 84. 

Neilson, gradual depression of the sonth- 
em part of Sweeten, 295. 

NMicat, Andrea de. popular belief in Syr- 
U on the &U of a&rolites, 123. 

Newton, discussed the question <m the dif- 
ference between the attraction of mass- 
es and molecular attraction, 63 ; New- 
tonian axiom confirmed by Bessel, 64 ; 
his edition of the Geography of Vareni- 
n8,66; Principia Mathematica, 67 ; con- 
sidered the planets to be composed of 
the same matter with the Earth, 132 ; 
eompressk>n of the Earth, 165. 

Nicholl, J. P., note fi-om his account of the 
planet Neptune, 90, 91. 

Micbolson, observations of lightning 
clouds, unaceompanied by thunder or 
Indieations of storm, 337. 

Nobile, Antonio, experiments of the height 
of the bsrometer, and its influence on 
the level of the sea, 298. 

Mdggeratfa eomited 79^ annual rings in Uie 
tnmk of a tree at Bonn, 283. 

NordoEiann on tiie exlst^ice of animal- 
cules in the fluids of tfa» eyes of fishes, 
345. 

Norman, Robert, invented the incUnato- 
rinm, 179. 

Observations, scientific, mischief of in- 
accurate, 38 ; tendency of unconoeo^ 
ed,40. 

Ocean, general view of, S9»-311 ; its ex- 
tent as compared with the dry land, 968, 
289; itsde]^.lflO,S02; tides, 305. 306 ; 



temp c r atm e nt Increased 
deptiis, 3(» ; umformity and constancy 
of temperature in the same spaces, 303; 
its currents and their various causes, 
306-309 ; its phosphorescence in Che 
torrid zone, 202 ; its action on climRte, 
303. 319-329 ; influence on the mental 
and social condition of the human raco, 
162, 291, 292, 294. 310; richness of its 
organic life, 309, 310; oceanic micro- 
scopic forms, 342, 343 ; sentiments ex- 
cited by its contemplation, 310. 

(Ersted, eleotro'ma«ietic discoteries, 
188, 191. 

Olbers, comets, 104, 109; aSrolilSes, 114, 
118 ; on their planetary velocity, 121 ; 
on the supposed phenomena of ascend- 
ing shooting stars, 123 ; their periodic re- 
turn in August, 125 ; November stream, 
126; prediction of a brilliant fall of shoot- 
ing stars in Nov., 1867, 127 ; absence of 
fossil metecNrie stones in secondary and 
tertiary formations, 131 ; zodiacal light, 
its vibration through tiie tails of cbm- 
ets, 143 ; on the trmsparency of celes- 
tial space, 152. 

Olmsted, Denison, of New Haven, Con- 
necticut, observations of afirolites, 113, 
118, 119, 124. 

Oltraanns, Herr, observed continuously 
with Humboldt, eft Berlin, the move- 
ments of the declination needle, 190, 
191. 

Ovid, his description of the volcanic Hill 
ofMethone, 240. 

Oviedo describes the weed of the Ouli 
j Streani as Praderias de yerva (sea 
weed meadows), 308. 

Palaeontology, 270^284. 

Pallas, meteoric ircm, 131. 

Palmer, New Haven, Connecticut, on the 
prodigious swarm of shootinz stars, 
Nov. 12 and 13, 1833, 124; on ttie non-' 
appearance in certain years of the Au- 
gust and November fiill of aerolites, 

Parallaxes of fixed stars, 88, 89 ; of the so- 
lar system, 145, 146. 

Parian and Carrara marbles, 263, 1363. 

Parry, Capt, on Auroras, their connection 
vrith magnetic perturbations, 197, 201 ; 
whether atoended with any sound, 200 ; 
seen to continue throughout the day, 
197 ; baronoetric observation at Port 
Bowen, 314, 315 ; rarity of electric ex- 
plosions in northeni regions, 337. 

PatridttSt St, his accurate conjectures on 
the hot springs of Carthage, 223, 2!M. 

Peltier on the actual source of atmos- 
pheric electricity, 335, 336. 

Pendulum, its scientific uses, 44 ; experi- 
ments witii, 64, 166, 169, 170 ; employed 
to investigate the curviature of the 
earth's Sttrlaeerl65; local attraction, its 
influence on the pendulum, and geog* 
nostic knowledge deduced from, 44, 45, 
167, 168 ; experiments of Bessel, 64. 

Pentiand, his measuremoits of the Ando4 



Digitized 



by Google 



872 



COSMOS. 



fvtj. Dr., oa miiitnk mefUkiMStf wo- 

dnoed. See note by Tnuulator, ftSs. 
Permiaii ^«tem of Murchiton, 2T7. 
Peroiue, La, expedition of; 186. 
Persia, great comet leem in (166B), 139, 

14a 

Pertz on tlie large aSrolite that fell in the 
bed of Uie Biver Kami, 116. 

Peten, Dr., ▼elocity of atones projected 
from iEtna, 12Sl 

Peacati, Count Jfazari, partial infisction 
of calcareous beds by the contact of 
syenitic granite in the Tyrol, 963. 

Phulips on the temperature of a coal- 
mine at increasing depdia, 174. 

Pbilolatts, his astronomical studies, 65; 
his fragmentary writingi^ 6B-71. 

rhOoao{£y of nature, first germ, 37. 

Phosphorescence of tfie sea in tiie torrid 
zones, 902. 

Physios, their limits, 50 ; influence of phys- 
ical science on the wealth and proqier- 
ity of nations, 53 ; province of pbyrical 
seience, 59 ; distinction between the 
physical kikory and physical detcHp' 
tion of the world, 71, 79; physical sci- 
ence, characteristies of its modem prog- 
ress, 81. 

Pindar, 227. 

Plana, eoodesic experiments in Lombar- 

Plimets, 89-99; present number discov- 
ered, 90. (See note by Translator on 
the most recent discoveries, 90, 91) ; Sir 
Isaac Newton on theircomposition, 132 ; 
limited physical knowledge o( 156, 157 ; 
Ceres, 64-^; Earth, 8&-99; Juno. 64. 
92-97, 106; Jupiter. 64, 87, 99-9a 202; 
Mars, 87, 91-«4, 132; Mercury, 87, 92- 
94; Pallas, 64, 92; Saturn, 87, 92-94; 
Venus, 9 1-94. 202 ; Uranus, 90-94 ; plan- 
ets which have the largest number of 
moons, 95, 96. 

Plants, geographical distribution of, 346- 
350. 

Plato on the heavenly bodies, dx., 69; in- 
terpretation of nature, 163 ; his geog- 
noetic views on hot Bfxiv^ and v<d- 
canic igpeous streams, 937, 238. 

Pliny the elder, his Natural History, 73 ; 
on comets, 104 ; a«roUtes, 122, 123, 130; 
magnetism, 180; attraction of amber, 
188 ; on earthquakes, 905^ 207 ; on the 
flame of inflammable gas, in the district 
of Phaselis, 223; rari^ of jasper, 261 ; 
on the configuratkm of Africa, 292. 

Pliny the younger, his description of the 
groat eruption of Mount Vesuvius, and 

. me phenomenon of v<dcanie ashes, 235. 

Plutarch, truth of his coi^jecture that fall- 
ing stars are celestial bodies, 133, 134. 

Poisson on the plfmet Jupiter, 64 ; conjec- 
ture on the spontaneous ignition of me- 
teoric stones, 118; zodiacal light, 141 ; 
theory on tbe earth's temperature^ 172; 
173, 174. 176, 177. 

Polarization, chromatic, results of its dis- 
covery, 59 : experiments on die light of 
comets^ 105, 1061 

Poljbius, 091. 



Poddwta* oa the Ugyw ieid of iloheik 

115, 116. 

PoniOet on the actnal sooree of atmoe* 
pheric electricity. 335. 

Piejadices against science, liow originaAp 
ed, 38 ; against the Mudy of the exact 
sciences, why fallacious, 40, S2. 

Prichard, his physical history of Man- 
kind, 359. 

Pseudo-Plato, 54. 

Psychrometer, 332;33& 

Pythagoraa, first employed die word Cos 
mos in its modem senses 69. 

Pythagoreans, dieir study of die heavenly 
bodies, 65; doctrine on comets, 103* 

Quarterly Review, article on Terrestrial 

Magnetism, 199. 
Quetelet on a«rolitea, 114; disir periodie 

return in August^ 195. 

Baoea, human, dieir geographical distri 
bution, and unity, 35k-3S0. 

Rain drops, temperature <^ 220; mean an- 
nual quantity in the two hemispheres, 
333,334. 

Reich, mean ^density oi the earth, as as 
oertained by the torsion balance, 170; 
temperature of the mines in Saxony. 
174. 

Beisdi, 6rej|ory, his ** Margarita Philo- 



R6musat, Abel, Mongolian tradition on the 
fall of an aerolite, 116; active volcanoes 
in Central Asia, at great distances from 
die sea, 915. 

Richardson, magnetic phenomena attend 
ing the Aurora, 197; whedier accom 
panied by sound, 900; influence on die 
magnetic needle of the Anrora, 901. 

Riobamba, eardiquake at^ 904, 906, 908^ 
913, 914. 

Ritter, Carl, his ''GecMraphy in relation 
to Nature and die History of Man," 48, 
67. 

Robert, Eugene, on the aneimt sea-line on 
d)e coast of Spitzbergen, 296. 

Robertson on the permanency of die com- 
pass in Jamaica, 18L 

Rocks, tlieir nature and oonfieuration, 
928; geognostical classification into four 
groups, 948-^1 ; L rocks of eraption, 
248.251-253; tt. sedimentary rocks, 948. 
254, 955; iiL transformed, or meta- 
morphie rocks, 948; 949, 955, 256-969 ; 
iv. conglomerates, or rocics of detritus, 
969,270; thehrehanffes from die action 
of heat, 956; 959 ; phenomena of con- 
tact 258-967; effects of pressure and 
the rapidity of cooling, 958, 967. 

Rose, Gustav, on the chemical elements, 
&c, of various aSrolitea, 131 ; on the 
structural relations of volcanic rocks, 
234; on crystals of feldspar and albite 
found in granite, 251 ; relations of posi- 
tion in which granite occttrsr9Sa^969 ; 
chemical process in the formation of 
various minerals, 265-909. 

Ross, Sir James, his soundings with 27.6U0 
Ifaetof line, 160; magnetic observations 
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U dm Somh Pote, ^; impoKtmt r». 
mlti of the Antarctic magnetio eiqwdi- 
tioa in 1639, 193; rarity of electric ex- 
ploskma in high northern regiona. 337. 



toaaeU, M. de, his magnetic oscillation 
experiments, and their di 
cadon, 186. 187. 



date of pttbli- 



Xothmann, cimfoonded the setting zodi- 
acal light with the cessation of twilight, 
143. 

Aozier, observation of a steady Inminovs 
appearance hn the clouds, 202. 

Kamker, Encke's comets lOd. 



Auppell denies the existence of active 
▼oleanoes in Kordotan, 945. 

1ablne» Edward, observations on days of 
, unosual magnetic disturbance, 178 ; re- 
cent magnetic observations, 184, 18& 
187, 188. 

Isgra, Ramon de la, observations on the 
mean annual quantity of rain in the 
Havana, 333. 

kaat Pierre, BemanUn de, Paul and Vir- 
ginia, 36 ; Studies of Nature, 347. 

Jalses or mud volcanoes, 334-228 ; strik- 
inff phenomoia attending their origin, 

Jalt-works, depth o( 158, 159 ; tempera> 
ture, 174. 

%Dtorino, the most important of the isl- 
ands of eruption, 341, 243 ; description 
oC See note by Translator, 24L . 

tergasso Sea, ito situation, 308. 

Batellites revolving round the primary 
planets, their diameter, distance, rota- 
tion, dM., 94, 99; Saturn's, 96-98, 127; 
Earth's, see Moon, Jupiter's, 96, 97; 
Uranus, 96-98. 

Saurians, flyinjb fossil remains oi^ 274, 
275. 

Saussure, measurements of the marginal 
ledge of the crater of Mount Vesuvius, 
332 ; traces of ammoniacal vapors in 
the atmosphere, 311 ; hygrometric 
measuremento with Humboldt, 334-336. 

Schayer, microscopic organisnu in the 
ocean, 342, 343. 

Scheerer on the identic of deolite and 
nepheline, 253. 

Schelling on nature, 55; quotation from 
his Giordino Bruno, 77. 

Scheuchxner's fossil salamander, conjee- 
tared to be an antediluvian man, 274. 

Schiller, quotation from, 36. 

Schnurrer on tiie obscuration of the son's 
disk, 13% 

Schoufeen, Cornelius, in 1616 found the 
declination null in the Pacific, 182. 

Schouw, distribution of the quantity of 
ndn in Central Europe, 333. 

Sduieber on the fragmentary character 
of meteoric atones, 117. 

Scientific researches, ttieir frequent re- 
sult, 50 ; scientific knowledge a require- 
ment of the present age, 53, 54 ; scien- 
tific terms, meir vagueness and misiq>- 
pUcation, 58, 68. , 

Bona. Abbate, earthquakes unconnected 
witk the state of tiw weaUier, 206» 307. 



Sooresbj, rarity »f electric explosions in 
Ugh northern regions, 337. 

Sea. See Ocean. 

Seismometer, the, 205. 

Seleucus of Erythrea, his astronomical 
studies. 65. 

Seneca, noticed the dhrection of the taUs 
of comets, 102; his views on the nature 
and paths of comets, 103^ 104 ; omens 
drawn from their sudden appearance, 
111 ; the gernu of later observations on 
earthquakes found in his writings, 307 ; 
problematical extinction and sinking of 
Mount iEtna, 227, 240. 

Shoals, atmospheric indications of their 
vicinity, 309. 

Sidereal systems. 89, 90. 

Si^jerstrom, his observations on the Au- 
rora, with Lottin and Bravais, on the 
coast of Lapland, 195. 

Slrowatskoi, •' Wood Hills'* hi New Sibe- 
ria, 281. 

Snow-Une of the Himalayas, 30-33, 331, 
332 ; of the Andes, 330 ; redness of long- 
fallen snow, 344. 

Solar system, seneral description, 90-154 ; 
its position In space, 89 ; its translatory 
motion, 145-150. 

Solinus on mud volcanoes, 225. 

SSmmering on the fossil remains of the 
large vertebrate, 274. 

Somerville, Mrs., on the volume of fire* 
balls and shooting stars, 116 ; falntness 
of light of planetiury nebulas, 141. 

Southern celestial hemisphere, its picture 
esque beauty, 85, 86. 

Spontaneous generation, 345, 346. 

Springs, hot and cold, 219-225 ; intermit- 
tent 219 ; causes of their temperature^ 
220-222; thermal, 222, 345; deepest 
Artesian wells the warmest, observed 
by Arago, 223; salses, 224-226; influ- 
ence ox earthquake shocks on hot 
springs, 210. 223-224. 

Stars, general account of, 85-90; fixed. 
89, S^ 104; double and multiple, 89, 
147; nebulous, 85, 86, 151, 152; tiieir 
translatory motion, 147-150; parallaxes 
and distances, 147-149; computations 
of Bessel and Herschel on their diame* 
ter and volume, 148 ; immense number 
in the Milky Way, 150, 151 ; star dust, 
85 : star gaugings, 150 ; starless spaces, 
150. 152; telescopic stars, 152 ; velocity 
of the propagation of light ot 153, 154 ; 
apparition of new stars, 153. 

Storms, magnetic and volcanic. See 
Magnetism, Volcanoes. 

Strabo, observed the cessation of shocks 
of earthquake on the eruption of Uva, 
315 ; on the mode in which islands are 
formed, 397 ; description of the Hill of 
Methone, 840; volcanic theory, 343; 
divined the existence of a contmerft in 
tiie northern hemisphere between The- 
ria and Thine, 389 ; extolled the varied 
form of our small continent as favorable 
to the 'moral and intellectual develop- 
ment of its people, 391, 392. 

Struve, Otho, on the proper motioo of the 
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■olar systam, 140 ; loTeatlratb»8 on tfie 
propai^atioa of U^t; 153; parsDaxea 
and distances of faxed stars, 153 ; ob- 
senratiions on Halley's comet, 105. 

Stnder, Professor, on mineral metamorph- 
ism. See note by Translator, 248. 

Sttn, ma^itade of its volume compared 
with that of the fixed sters, 130 ; obscu- 
ration of its disk. 132; rotation round 
the center of gravity of die whole solar 
system, 145 ; velocity of its transhitory 
moticm, 145 ; narrow UmitatiMis of its 
atmosphere as compared with the nu- 
cleus of other nebulous stars, 141 ; "sun 
- stones'* of the ancients, 122 ; views of the 
Greek philosophers on the sun, 122. 

Sjmond, Lieut, his trigonometrical sur- 
rey of the Dead Sea, 296, 297. 

Tacitus, distinffuished local climatic relar 
tions from those of race, 3S2. 

Tamperature of the globe, see Eardi and 
Ocean ; remarkable uniformity over 
the same spaces of the surfitce of the 
ocean, 303 ; zones at which occur the 
maxima of the oceanic temperature, 
904 ; causes which rvise the tempera- 
ture, 319 ; causes which lower the tem- 
perature, 319, 320 ; temperature of va- 
rious places, annual, and in the diflbr- 
snt seasons, 322»323-328; thermic scale 
oftemperatnre,32i,32S; of continental 
climates as compared wiHi insular and 
littoral climates, 321, 322; law of de- 
crease with increase of elevation, 327 ; 
depression o^ by shoals, 309 ; refrigera- 
tion of the lower strata of the ocean, 303. 

Teneriffe, Peak of. Its striking scenery, 26. 

Theodectes of Fhaselis on the color of the 
Ethiopians^ 3S3. 

Theon of Alexandria described comets as 
" wandering light clouds," 100. 

Theophylactus described Sc^thia as i^ree 
from earthquakes^ 204. 

Thermal scales of cultivated plants, 334; 
335. 

Thermal springs, their temperature, con- 
stancy,, and change, 221-4291 ; aniqial 
and vegetable hfe id, 345. 

Thermometer, 338. 

Thibet, habitability of its etevatod pla-< 
teaux, 331, 332l 

Thienemana on the Aurora, 197» 2Q0L 

Though^ results of its free action, 53; 54 ; 
union yrtA, language. 50. 

Tiberias, Sea of, its depression below the 
level of the Mediterranean, 296. 

Tides of the iicean« their phenomena, 305, 
306L 

TUlard, Capt, on tho suddeu appearance 
of the island of Sabrina, 242. 

Toumefbr^ zonea of vegetation xm ftEoont 
Ararat»347. 

Tnilles, his notice of the nt^ttve electric- 
ity of t2ie air near h^ waterfidls, 336. 

Translator, notes by, S9 ; on tlie increase 
of the earth's in^mal heat witi> increase 
of depth, 45; sUicious infusoria and an- 
imalcoliles, 46 , chemical' analysis of an 
afiroUte,^* on the recent discoveries 



of pl«n«ts^ ^ 91 ; ft b s cr t Bd tile c 

of 1843, at Kew Bedford, Massachuetts, 
in brig^ sunshine, 101; on meteoric 
stones, 111 ; on a MS., said to Tie in the 
library of Chrisfs College, Csmbridge, 
1^ ; on the term "salses," 161 ; on Hoi- 
berg's satire, " Traveia in &e Worid 
under Ground," 171 ; on the Aurom Bo- 
realis of Oct 24, 1847, 194, 195, 199 ; on 
the electricity of the atmosphere dur- 
ing tike Aurora, 200 ; on volcanic phe- 
nomena, 203^ 204 ; deseriptioB ot^the 
seismometer, 905 ; on ttie great eartii- 
qnake of Lisbon, 210 ; impression nude 
on the natives and Ibreigners by earth- 
quakes in Peru, 215; earthquakes at 
Lima, 216, 217; on the gaseous com- 

Ejunds of sulphur, 217, 218; on the. 
ake of Laach, its cratei^ 318 ; en tiie 
emissions of inflammable gas in the dis- 
trict of Phaselis, 223 ; on true volcanoes 
as distinguished irem salaes. 2^; on 
the volcano of Pichincha, 228; on the 
homitos de Jorullo, as seen by Hum- 
boldt, 230 ; general rule oa the dimen- 
sions of craters, 230 ; on the ejection of 
fish from the volcano of Imbaburu, 233; 
on the little isle of Volcano^ 294; vol- 
canic steam of PanteHaria, 235^ on Ban- 
beney's work •♦ On Volcanoes," 236 ; ac- 
count of the island of Santorino, 241; 
of the island named Sabrina, 242^; on 
the vicinity of extinct vofeanoes to &e 
sea, 244 ; meaning of tfie Chinese term 
**li," 245; on mineral metamorphinn, 
248 ; on fossil human remains found in 
Guadaloupe, 250 ; on minerals artificial- 
ly produced, 267, 268; fossil organic 
structures, 271, 272 ; on Coprolite^ 271 ; 
geognostic distribution of fosnls, 276; 
fossil fauna of the Sewalik Hills, 37d ; 
thickness of coid measures, 281 ; on the 
amber pine forests of the Baltic, 283, 
264 ; elevation of mountain chains, 286, 
287 ; the dinomis of Owen, 287 ; depth 
of the atmosphere, 302 ; richness of or- 
ganie life in the ocean, 309; on fila- 
ments of plants resembling die merma* 
tozoa of animals, 341 ; on the ]hatom» 
ceffi found in the Soutih Arctic Ocean, 
2H3; on the dbtribution of the floras 
and faunas of the British Islest. 348, .349 j. 
on the origin and difi^ion of the Brit- 
ish flora, aea, 354. 

Translatory motion of the solar systeoi, 
M5-15ft 

Trogus, Pompeius, on the sumnwed ne- 
cessity that voteanpes were dependent 
on Aeir vicinity to the sea for their eon- 
tinuaace,^ 319, 244 ; views of the an- 
cients on spontaneoQs generation, 346. 

Tropical latitudes^ their advantages for 
the contemplataen of natnre, ^; pow- 
erAii impressions fVom their or^nlc 
richness and fertility, 34 ; fadlitiea they 
present for a knowledgeof the laws of 
nature, 35; transparency of the atmos- 
pj^re, 114 ; phosphorescence ottbe sea. 

Tachudi, Br., extract fi^on his " Trsvelf , 
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in Peru." 8ee Translator's note, 215, 
216, 217. 
Tomer, note on Sir Isaac Newton, 132. 

Universality of animated life, 342, 343. 

Valz on the comet of 1618, 106. 

Varenius, Bemhard, his excellent general 
and comparative Geography, 66, 67; 
edited by Newton, 66. 

Vegetable world, as viewed with micro- 
scopic powers of vision, 341 ; its pre- 
dominance over animal life, 343. 

Vegetation, its varied distribution on the 
earth's surface, 29-^1, 62 ; richness and 
fertility in the tropics, 33-35 ; zones of 
vegetation on the declivities of mount- 
ains, 29-32, 346-350. See .Stna, Cor- 
dilleras, Himalayas, Mountains. 

Vico, satellites of Saturn, 96. 

Vigne. measurement of Ladak, 332. 

Vhae, thermal scale of its cultivation, 324. 

Volcanoes, 28, 30, 35, 159, 161, 214, 215, 
224-248 ; author's application of the 
term volcanic, 45; active volcanoes, 
safety-valves for their immediate neigh- 
borhood, 214 ; volcanic efuptions, 161, 
210-270 ; mud volcanoes or salses, 224- 
iS8 ; traces of volcanic action on Uie 
surfece of the earth and moon, 228 ; in- 
flaence of relations of height on the oc- 
currence of eruptions, 228-233; vol- 
canic storm, 233 ; volcanic ashes, 233 ; 
classification of volcanoes into central 
and linear, 238 ; theory of the necessity 
of their proximity to the sea, 243-246 ; 
geographical distribution of still active 
volcanoes, 245-247; metamorphic ac- 
tion on rocks, 247-249. 

Vrolik, his anatomical investigations on 
the focm of the pelvis, 352, 353. 

Wagner, Rudolph, notes on the races of 
A&ica, 352. 

Walter on the decrease of volcanic activ- 
ity. 215. 



Wartmann, meteors, 113, 114. 

Weber, his anatomical investigations on 
'the form of the pelvis, 353. 

Webster, Dr. (of Harvard College, U. 8.), 
account of the island named Sabrina. 
See note by Translator, 242. 

Wmds, 315-321; monsoons, 316, 317; 
trade wmds, 320, 321 ; law of rotation, 
importance of its knowledge, 315-317. 

Wine, on the temperature required for 
its cultivation, 324; thermic table of 
mean annual heat, 325. 

Wollaston on the limitation of the atmos* 
phere, 302. 

Wrangd, Admiral, on the brilliancy of the 
Aurora Borealis, coincident with the 
fall of shooting stars, 126, 127 ; observa- 
tions of the Aurora, 197, 200 ; wood hills 
of the Siberian Polar Sea, 281. 

Xenophanes of Colophon, described com- 
ets as wandering light clouds, 100 ; ma- 
rine fossils found in marble quarries, 
263. 

Youngs Thomas, earliest observer of the 
influence different kinds of rocks exer- 
cise on the vibrations of the pendulum, 
168. 

Yul-sung, described by Chinese writers as 
*'tiie realm of pleasure," 332. 

Zimmerman, Carl, hypsometrical re- 
marks on the elevation of the Hima- 
layas, 32. 

Zodiacal light, coigectures on. 86-92 ; 
general account of, 137-144 ; beautiful 
appearance, 137, 138 ; first described 
in Children's Britannia Baconica, 138 ; 

grobable causes, 141 ; intensity in trop* 
ial climates, 142. 
Zones, of vegetation, on the declivities of 
mountains, 2»-33; of latitude, their di 
versified vegfeUtion, 62; of the south- 
em heavens, their magnificence, 85, 86 ; 
polar, 197, 198. 
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